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The  u.eetings  were  held  in  the  Colorado  Agricultural  College 
Forestry  Lodge  in  Pingree  Park,.  alxDU-t-  S'S  rrdles  iDy.  auto  frorr 
Fort  Collins.    Many  of  the,  piit.  of-  et-cvce  visitors  v/ere  traveling 
"by  automobile  and  the  nio's't,  pf.  these  arrived  in  Fort  Collins," 
during  the  afternoon  of  Sunday- the- 16th' or ' early . in. the  morning' 
of  the  17th,  .The  trip  to  ^  the  .Park 'Was 'mci,de  during  the  forenoon 
of  the  17th,  the  miost  of  "_the  .cars -arriving  in  ti;.ie  for  a  late 
lunch.    The  afternoon  was  a  busy  -one  -in  r/laking  camp,  especially 
as  the  crowd  proved  to  be  some.what  i-arger  than  anticipated, 
totaling  86,-  and  over-floV;_ed.  the.  Lodge'  and  bunk.  ]p.ouse,    A  hurried 
trip  to  "civilization"  produced,  two-  tents'  and  some  bales  of  straw. 
The  young  "bucks"  declared  this  was  the  Way  they  wanted  to  camp 
anyway  so  everybody  was  happy,,  •     ■ ' '  ' 

The  following  is  a  list  of  those  in  attendance: 


Lester.  Hanna.  /  Del  Worte,  Colo. 

Albert  Y/hite   ,  Fort  Collins , Colo  . 

E.  G-.  ICelly  and  family.  llanhattan,  Kansas. 

John  L.-Hoerner  and  Family....  Fort  Coll  inr< ,  Colo  . 

Ceo.  A.  Dean  and  family  Manhattan,  Kansas. 

it.  L,  Parker  and  family  Manhattan,  Kansas. 

Roger  C.  Smith  and  son  Phillip  Manhattan,  Kansas. 

Paul  B.  Lawson  and  dauii'hter  Lois  Lawrence,  Kansas. 

Dorothy  Osborn  .  Delphos,  Kansas. 

Jean  Sutherland  i.  Boulder,  Colo. 

Edwin  W.,Howe  and  family.....  V/ichita,  Kansas. 

R.  G.  Richm.ond  :...o  Fort  Collins,  Colo. 

E.  W.  Davis  Salt  Lake  City, Utah. 

H.  E.  Dor  St  Salt  Lake  City, Utah. 

K,  D,  Arbetlinot  ,  Monroe,  Michigan, 

J.  H.  Newton  and  family..  Faonia,  Colo. 

Donald  A.  lYilbur  and  faiiiily  Manhattan,  Kansas. 

Chas.  M.  Drage  Loveland,  Colorado  ; 

Miriam  A.  Palmer  Fort  Collins ,  Colo  . 

F.  E,  7/hitehead  ..;  Stillwater,  Okla. 

Ceo.  M,  List  Fort  Collins , Colo , 

F.  T.  Cowan  '  Fort  Coll  ins,  Colo  . 

C.  P.  Gillette  Fort  Collins, Colo . 

Florence  G,  Malcouronne  Fort  Collins , Colo . 

Rellie  G,  Mack  Fort  Coll  ins ,  Colo  . 

Sam  C.  McOanrpbell  Fort  Collins , Colo . 

Louis  G.  Davis  Grand  Junction, Colo . 

Lelano.  Jones  Salt  Lake  City, Utah, 

Richard  C.  Newton...  Salt  Lake"  City, Utah. 

Geo,  I-  Reeves  Salt  Lake  City, Utah. 

John  C.  Kam.lin  Salt  Lake  City, Utah. 

Ralph  Bunn  Sa,lt  Lake  City, Utah, 

John  T/eaver  Fort  Collins , Colo . 

Leslie  B.  Daniels  Fort  Coll  ins  ,  Colo  . 


C.  W.  Kearns  

Harold  V/illis  

M. -C.  Parker.  

R.  H.  BeaiiB  r  and  family 

J  . .  ,0  .  No t  ingham .  

li.  'T  .  Peters. .  .  .  .... 

L  .  D  .  Anderson  

Li.  W.  Sanderson,  ......  . 

Oarl  A,  Bjurman, . , . . . . . 

J.  W.  Horn  and  family. . 

Carl  Hoplcins   . 

G.  R.  Jones  and,  family,. 
Jack  Mam?eiler  

The  group  was  called  together  about  the  fireplace  in  the 
Lodge  for  the  first  riB  eting  of  the  wed:  at  8;00  p.m.  Monday,  hy 
Dr,  C.  P.  G-il.lette,  chairman.  ■ 

Short  talks  were  given  by  the  Chairmarj,,,  Dr.  Jones,  Ilr. 
Richmond,  Mr , '  lylcCampVel'l'  arid  others  in  charge,  .of  different  phases 
'of  the  work  in  c  ar 'irig  "for  the  crov/d,'  in  regard  to  the  m^eals, 
bedding,  fishing  placVs' 'and'  pVi'yiVege's,  fire  precauti^ons  in- the 
forests,  etc..    Each'  'ehtomologi's't'  was  asked  to  stand  ajid  .intro- 
duce himself,   the  member's'  o'f  h'is'  'family  or  his  friends  ..that  v^ere 
Y/ith  him/  and  to  tell'  so'm.et'h'ing'  'of  his  connections  -.and  work.  The 
following  committees'  were" 'appointed;  Program,  P*  B .  ;  L.awso.n, .  cha,ir— 
m.an,  G-eo.  A,  Dean  'and'  G-eb.'  M.  list ;  Resolutions,  Roger  C.  Smith, 
Ghairmian,  F.  E..  Whitehead'^  'arid"  G-'eb-..       Re'eyep;  Entertainm.ent , 
F.  T,  Gov;ah,  Chairman,' wi't'ri  ppy/'er/tp' draft  such  other  ,  m. em.be rs 
as'  he  might  need, 

■  As  the  program"  for' the' we'ek"  had' riot]  iDeen  fp;rm.u- 
lated  it  was  decided' to"  deifer'  formal^  pa^  the  next, 'day, 

and  to  give' the  remainder' cf  the^  eyen^  getting  better  acquaint- 

ed.   Dr.  P.  B.  LavYsori"  lead'  the/gToup  in  a  numiber  of .  popular  songs 
^nd  thus' established' himself '  as  the,  "pep!'.  !J.p9,i;ier  for,  the  week. 

Tuesday,  August '  16', '  2:  30  p  .m.     G^o . .  A , .  Pean  presiding. 

Several  topics]  dealing'^  with,  the  .  cgc^ii-ag.  moth  had  been,  sent 
in  so  '  the  program 'committee ]  arranged  .  t  group,  m.aking 

this  m.eeting  into  the  '  nature  _  of  .  a ,  ^yir.posiWi".  .■  • 

Professor  Dean 'g  ave  '  a  brief  histQ];'y  .  gt  ^  the  codling  m.oth 
developm.ents  during 'ihe  'last  ^several  ,y§q,rs  j;Qntioning  particularly 
the  increased  difficulty 'in 'contrqi  ^being  .e:cpQrien        in  m.any  of 
the  important  apple ' arid 'pear 'gTowing^secti  Thq  work  of  the 

National  codling  moth  Committee,  ' that  ^was  .the  .put-groVifth  ,of  a. 
need  for  closer  cobperatich 'arid  a  quick  nsans  ., of  exchange  of 
ideas  an:ong  the  workers 'of  the  various  ,secti,onSa.  X^-s  , reviewed. 


Fort  Coll ins, Colo . 
Fort  Collins , Colo . 
Madison,  T/is, 
Lawrence,  Kansas. 
Lawrenge,  Kansas. 
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Fort  Collins, Colo^  ■ 
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Fort  Collins , Colo . 
Fort  Collins, Colo . 


R_e  1  at  ion  oil  Temperature  3;nd  Humidity  oo  Rate  of  Hatch  of_ 
Codlinf-n.otii  "E,-;,\s  ,  Edv/in  W.  Ho^vg  ,  U.  S.  Bureau  of  EntoL'iOlo -y , 
Wichita,  Kaiuias .    These  rei.iarks  are  bathed  upon  experimental  incuba- 
tion of  nearly  seven  thousand  codling-iT.oth  o^\.,b  under  constant 
temperature  conditions  a-t  the  Wichita  station  of  the  Bureau  of 
Entomol.Oti'y }  United  States  Depe^rtment  of  Agriculture. 

Data  obtained  to  date  plainly  indicate  that  humidity  exer- 
cises an  important  effect  in  determination  of  rate  of  hatch. 
Within  certain  limits,  an  increase  in  the  percent  of  relative 
humidity  increases  the  rate  of  hatch.     A  reversal  of  t  iiis  Ci-iect 
is  noted  as  saturation  is  approached.    Apparently,  for  a  given 
constant  temperature-  at  v/hich  hatch  occurs,  there  is  an  optim.um 
percent  of  relative  humidity.    This  is  in  accord  with  the  conclu- 
sions of  Pierce  (l91S)  ,  "but  differs  materially  from  thofje  of  Glenn 
(1933)  ,  who  g^saigned  to  the  factor  of  humidity  a  role  of  minor 
importance , 

Humidity  apparently  affects,  not  only  the  rate,  but  also  the 
percenG,.,  of  hatch  of  codling-mxoth  eggs.    Eggs  incubated  at  ^95 
degrees  F.  and  at  an  average  relative  hun'.idity  close  to  bO)o  gave 
no  hatch,  while  eggs  incubated  at  the  same  tem.perature  but  a^:  an 
average  relative  humidity  of  nearly  dOjo  gave  a  small  percent  of 
hatch.  Similar  results  w.ere  obtained  at  other  temperatures,  espe- 
cio.lly  at  92  degrees  F, 

The  term,   "effective  day-degree        used  by  Glenn  a  s  a.  iieasure 
of  accuinulated  temiperature ,  and  being  designated  by  him.  cis  one 
degree  of  temperature  above  50  degrees  F.  and  below  88  degrees  F. 
maintained  for  a  period  of  tv/enty-f our  hours;   is  open  to  objection 
in  that  ,  apparently,  it  is  not  of  exactly  equal  value  at  all  temp- 
eratures betv/een  these  two.     However,   as  a  practical  measure  of 
accumulated  temperatures,  it  seems  difficult  to  improve  upon  it. 

Glenn  concluded  that  at  temiperatures  above  88  degrees  F., 
rate  of  hatch  was  retarded  at  approximately  the  same  afiiount  for 
each  rise  of  one  degree  as  by  each  drop  of  one  degree  belov/  this 
point.    That  is,  that  rate  cf    hatch  at  90  degrees  F.  y/ould  be 
approximately  equal  to  rate  of  hatch  at  86;degrees  F.  This  view- 
point is  also  shared  by  Shelford  (1927).     Data  obtained  at  the 
Wichita  station  to  date,  do  not  confirm  this  vievirpoint,  increase 
in  rate  of  hatch  continuing  to  90  degrees  F.,  while  at  32  degrees 
F.  there  is  only  a  slight  increase  in  the  total  number  of  accumu- 
lated effective  day-degrees  to  time  of  hatch. 

Upper  lethal  tem.perature  is  close  to  95  'degrees  F.,  whil.e, 
under  conditions  of  low  humidity  (aDproxima^tely  50f^)  there  is  a 
distinct  lethal  effect  at  90  degrees  F. 

While  it  is  admitted  that,  for  purposes  of  calculation, 
Glenns^  fig-ure  of  50  degrees  F.  as,   "developmental  zero",  may  be 
approximately  correct,  it  seems  evident  that  the  actual  zone  at 
which  development  of  the  embryo  begins  is  below  this  fi.':;ure, 
possibly  close  to  44  degrees  F.  Glenns'   term,  "developm.ental 
^ero",  is  subject  to  criticism  in  that  it  indicates  a  fixed  point 


at  which  development  loegins.    Actually, . this  point  is  not  only 
probably  "below  50  degrees  Fc,  but  must  vary  with  individual  eg^s. 
The  term,   "development fxl  threshold",  therefore,  seems  preferable. 

References;     Olenn,  Pressley  A,,  1922  -  "Codling-moth  Investiga- 
tions of  the  State  Entom^ologist s  '  Of  f  ice"  (ill . )  ? 
1915,  1916,  1917. 

Pierce,  W.  Dwight,  1916  -  "A  New  Interpretation  of 
the  Relationships  of  Temiperature  and  Hum.idity  to 
Insect  Development . '= 

Shelford,  Victor  E.,  1927  -  "An  Experimiental  Investi- 
gation of  the  Relations  of  the  Codling-m-oth  to 
Weather  and  Climate. " 

E.W.H. 


Codlinp-:  Moth  Control  in  Kansas^  R.  L Parker Kansas  State 
College  of  Agriculture  and  Applied  Science.     A  few  years  ago, 
at  the  tine   this  project  was  instigated,  a  problem  of  spray  resi- 
due bobbed  up  and  the  main  Y/ork  of  the  project  was  side-tra,cked 
for  a  time  to  test  the  relative  merits  of  different  stom.ach 
poisons  for  the  control  of  the  codling  m.oth,  and  at  the  sam;e  tim.e, 
through  these  sprays,  lower  or  eliminate',  if  possible,  the 
arsenical  residue  on  apples'- 

In  this  work,  arsenate  of  lead  has  been,  found  to  be  the 
"old  sta.nd-by,"    Experimiental  work  carried  out  used  the  following 
weights  of  arsenate  of  lead  to  50  gallons  of  water:  1,  l-g-,  2,  2-2-, 
and  3  pounds  per  unit.     It  was  found  tha,t  the  m.ost  practical  con- 
trol from,  the  standpoint  of  the  cost  of  production  was  v;ith  two 
pounds  of  arsenate  of  lead  to  50  gallons  of  T/ater. 

The  follov/ing-  are  some  ,  of  the  more  im.portant  substitutes 
which  were  used  in  place  of  arsenate  of  lead  in  an.attem.pt  to 
control  the  codling  m.oth  in  the  lower  Arkansas  River  Valleyj  A 
calyx  spray  of  arsenate  of  lead  was  applied  to  all  plots  at  the 
rate  of  tv/o  pounds  of  arsenate  of  lead  to  50  gallons  of  water. 
The  cover-  sprays  which  followed  were  then  of  a  substitute.  These 
are  listed  in  the  order  of  best  control:     Pyrethrun:  oil  mixture 
in  the  cover  sprays  with  a  third  cover  spray  containing  nicotine 
sulphate;   zinc  arsenate;  calciwa  arsenate;  barium  arsenate; 
magnesiu].!  arsenate;  colloidal  zinc;   cryolite;  and  London  purple. 
The  m.agnesiuji:  arsenate  gave  very  little  control  in  this  region. 
The  calciu]!'.  arsenate,  colloidal  zinc,  cryolite  and  London  purple 
caused  a  burning  of  the  foliage. 

■  Another  phase  of  the  work,  known  as  the  tim.ing  experim.ent, 
which  follows  out  with  the  application  of  arsenate  of  lead  at  the 
rate  of  two  pcujids  to  50  gallons  of  water  every  12,  14  and  IS  day 
interval.     It  has  been  found  that  the  m.ost  practical  timing  is  the 
14  day  tim.ing. 

Supplem.entary  controls  ha,ve  been  carried  out  with  burlap 
bands  treated  and  untreated.     The  bands  were  treated  with  beta 
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naphbhol  in  a  carrier  of  rod  engine  oil.     Also  paper  "bancls  v;ere 
used  which  had  loeen  treated  v/ith  beta  naphthol.    The  treated 
tir;ht~f  i  oting  "burlap  band  v/as  by  far  the  best.     The  treated  paper 
bands  would  be  desirable  if  they  did  not  stretch  when  water  car;.e 
in  contact  with  then:.     It  is  quite  necessary  that  the  bands  be 
ti^^'ht  to  attract'  the  codling  ir.oth  larva  when  it  is  seeking  a 
place  for  pupation  or  hibernatioH«    Such -treated  bands  are  known 
as  automatic  bands,  since  after  the  larvae  enter  them  they  are 
killed.     The  beta  naphthol 'mixture  does  not  act  as  a  repellent., 

R.  L.  P. 

Status  of  the  Tr ichograrf-iiia  Experin.ent s ,  Geo.  M.  List,  Colorado 
Agricultural  Coliege.     A  project  on  the  rearing  and  the  use  of 
Trie  ho  gr  amn.a  minututr.  Riley  in  the -control  of  the  codling  moth 
was  started  at  the  Colo.  E:q3 ,  Sta.  in  the  fall  of  1927.  A 
review  v/as  given  of  some  of  the  experiences  especially  in  the 
laboratory,  the  liberation  being  discussed  more.-  fully  by  the  two 
following  spea^kers.     The  attempt  has  been  to  rear  the  parasites 
in  only  such  numbers  as  needeci  in  certain  experim.ental  crchci.rds. 
The  unit  system  of  rearing  the  Angoun.ois  grain  m.oths  has  been 
found  the  m.ost  ^  sat isf a.ctory .    The  units  consist  of  cabinets, 
each  holding- about  400  pounds  of  wheat,  in  which  the  temperature 
and  huiTiidity  are  controlled  v;ithin  certain  ranges. 

The  m.ite  Seiulus  pom.i    Parrot,   the  cadelle  beetle  Tenebroides 
maur itanicus  Linneo  and  the  cucuj id  Cryptolestes  ferruginous 
Steph,  have  been  problems  in  the  cabinets,  all  being  enem.ies  of 
the  grain  m.oth.     The  parasites  have  been  reared  in  an  incubator 
in  v/hich  the  teinperature  was  m.aintained  at  about  82  degrees  F. 
and  the  relative  huiridity  70  degrees.  The  effect  on  the  parasites 
of  certain  foods  was  discussed.     Som.ething  over  ,3,000,000  para- 
sites were  liberated  in  the  experim.ento.!  orchards  in  Mesa  and 
Delta  counties,  during  June,  July  and  the  fore  part  of  August. 

G.M.L. 

Ccdlinr  Moth  Control  in  the  Grand  Valley  of  Western  Colorado, 
Louis  G.  Davis,  Colorado  Agricultural  Coir£^:;e  .  A  sum.mary  was 
given  of  som^e  of  the  problem.s  which  are  being  studied  in  the 
Grand  Valley.  A  major  project  has  been  the  liberation  of  Tr j,cho- 
gramma  minutum  in  an  effort  to  determine  its  value  as  an  egg 
parasite.  Methods  of  liberation  and  of  checking  the  results 
T/ere  reviewed. 

Other  projects  j.nclude  the  use  of  Hootch  traps  in  determ.in- 
ing  spray  dated,  determining  the  time  of  hourly  checks  of  the 
greatest  moth  flight,   chemically  treated  bands  as  a  supplementary 
control  >  the  use  of  Cryolite  or  Bariui..  f  luoalui.-.inate  and  Barium 
fluosilicate  as  possible  substitutes  for  lead  arsenate  in  the 
control  of  the  codling  m.oth. 

L  .  G .  D  . 
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Codlin,'^  Moth  Problen.s  in  Delta  County,  '^•oloradO)  J . K , Nev/t on , 
Colorado  Agricultural  College,     The  liberations  of  Trichogran-jr.a 
minutuiii  have  not  "been  as  extensive  here  as  in  the  G-rand  Vails  y. 
Results  are  more  difficult  to  determine  as  codling  moth  infesta- 
tion is  lighter.    Results  secured  by  a  definite  control  program 
carefully  carried  out  in  an  orchard  owned  by  the  Agricultural 
College  v/ere  reviewed, 

Tuesday,  August  18,  7:30  p. m,     F.  E,  Whitehead  presiding. 

Tra^velogue  of  the  Phili-ppines ,  C.  R,  Jones,  Colorado  Agri- 
cultural College,     Touching  on  various  phases  of  life  in  Manila; 
the  various  tribes  of  the  Islands,  modes  of  living,  industries 
and  sports  of  the  Philippine,  and  the  va,rious  insect  problems 
emphasizing  that  of  the  migratory  Locust, 

Wednesday,  August  19,  8  a.m,     C,  P.  Gillette  presiding, 

SyiT.posium  on  G-rasshopper  Control.     The  serious  grasshopper 
outbreak  in  the  intermountain  and  North  Central  States  made  this 
an  important  subject  for  discussion,  so  the  entire  forenoon  was 
given  to  it. 

The  Effect  of  Arsenic,  As  Usec\  in  the  Control  of  G-ra.s  shoppers , 
Upon  Birds,  F,  E.  Whitehead,  Oklahoma  Agr,  Exp,  Sta,  Chickens 
were  placed  in  pens,   and  bran  mash  containing  5  pounds  of  arsenic 
per  hundred  pounds  of  mash  was  scattered  in  the  pen  at  the  rate  of 
50  to  100  pounds  per  acre.     Another  experimicnt  was  conducted  in 
which  20  pounds  of  arsenic  per  hundred  pounds  of  m.ash  was  used. 
The  bran  vi^as  well  scattered,  and  the  chickens  had  been  v/ithout 
food  for  a  period  of  24  hours,  but  in  no  instance  did  a  fatal 
cas.e  of  poisoning  arise.    Bran  and  arsenic  were  carefully  m.ixed 
and  the  amount  of  poison  bran  eaten  by  individual  grasshoppers 
v/as  observed.    By  this  nErchod  a  m.ore  or  less  rough  estimate  of 
the  amiount  of  arsenic  consumed  per  hopper  wa,s  determ.ined,  also 
the  amount  of  arsenic  to  constitute  a  lethal  dose  for  the  chickens 
used  was  determined  by  feeding  tests. 

The  information  obtained  from  these  experim.ent s ,  together 
with  the  numbers  of  grasshoppers  chickens  were  observed  to  eat, 
indicated  that  there  is  no  danger  of  chickens  receiving  a  lethal 
dose  of  arsenic  from  eating  poisoned  hoppers.     This  point  was 
checked,  however,  by  the  following  experiments. 

Grasshoppers  were  poisoned  in  cages,  using  both  v/hite 
arsenic  and  sodium  arsenite  at  the  recom.mended  rates  and  fed  to 
small  chicks  and  chickens  of  various  sizes  and  breeds  up  to  full 
grown  chickens.     Some  had  other  foods  in  addition  to  poisoned 
hoppers,  while  others  lived  exclusively  on  poisoned  grasshoppers 
and  water  for  a  period  of  ten  days.  Those  eating  other  food  in 
addition  to  poisoned  hoppers  were  kept  on  this  diet  for  varying 
periods  of  time  up  to  sixty  days. 

In  no  instance  did  a  fatal  aase  of  poisoning  occur.  Similar 
experi;aents  were  conducted  with  turkeys,  ducks,  and  quail,  and 
similar  results  were  obtained.    Nesting  birds  of  various  species 
were  also  fed  poisoned  hoppers.     In  this  case  nuirierous  deaths 
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occurred  in  both  those  eating  poisoned  hoppers  and  those  eating 
unpoisoned  hoppers,  with  more  deaths  occurring  in  those  eating 
poiGoned  hoppers;  however,  the  difference  was  not  sufficiently 
pronounced  to  indicate  significance. 

F.  E.  W. 

Grasshoppers  in  Colo.rado ,  1931,  F.  T,  Cov/an,  Colo.  Agr, 
College.     The  grasshopper  outbreak  in  1931  proved  to  be  one  of 
thts  worst  the  .state  has  ever  experienced.    Practically  every 
county  east  of  the  Continental  Divide  was  more  or  less  infested 
and  control  v/ork  was  necessary  in  every  one.  This  outbreak  had 
been  building  up  for  the  past  three  years  as  cbji  be  shovrn  by 
the  amount  of  poison  bait  sent  cut  from  the  Ezperim.ent  Sta,tion  at 
Fort  Collins.     This  fact,  aided  by  the  long  dry iall  during  1930 
and  a  scarcity  of  parasites,  gave  Colorado  what  might  be  termed 
a  real  "old  fashioned"  outbreaks 

Some  early  organization  work  was  done  especia.lly  in  Logan 
County,  where  a  pest  district  was  foxraed  and  preparations  made 
for  a  cleanup  ca.mpaign.     Sedgv/ick  County  also  formed  pest  districts 
as  did  Washington,  Kit  Carson  and  El  Paso.    Practically  all  of 
this  work  was  done  .early  in  June  so  that  by  the  last  of  the  m.onth 
poison  operations  were  in  full. swing  in  practically  all  of  the 
counties.     The  early  start  obtained  by  miost  farmiers  served  to 
lessen  the  damiage  to  crops  a  gTeat  deal.     Little  or  no  damage 
was  done  to  winter  wheat.    Barley,  oats  and  corn  suffered  miost 
in  the  dry  land  while  sugar  beets,  alfalfa  iind  corn  were  dam.aged 
to  somie  extent  in  the  irrigated  sections.     The  dam:age  as  a  v/hole, 
tho,  in  the  sections  where  poisoning  was  done  'wa-s  estim.ated  tq 
be  very  light,  while  in  districts  where  the  wor.k  \yas  miore  spora- 
dic the  dam.age  ran  fromi  40  to  100  percent. 

The  bait  used  this  year  varied  .somewhat  in  different  locali- 
ties.    In  the  irrigated  sections  the  best  results  were  obtained 
v/here  m.olasses  was  used.     In  the  dry  land  -areas,  hov/ever,  no 
m.olasses,  was  used  and  excellent  results  were  obtained.  .Sodium 
arsenite,  1  quart  to  the  100  pounds  of  bran,  was  used  as  the 
toxic  agent  in  m.ost  cases,  altho  in  the  sugar  beet  growing  area 
m.uch  Paris  Green  was  used.     Some  12,000  two  quart  cans  of  Sodium, 
arsenite  were  shipped  from  the  College  during  the  seasD  n  and  almost 
half  as  much  m.ore  was  m.anuf actured  in  the  field.     This  latter 
method  is  much  cheaper  and  in  fact  com.pares  very  favorably  v;ith 
the  old  method  of  using  5  pounds  of  crude  arsenic  to  t'he  100 
pounds  of  bran. 

The  time  of  day  for  scattering  the  bait  was  found  to  be  a 
very  important  item  in  this  yearns  campaign.     Heretofore  the 
farners  had  been  advised  to  start  poisoning  about  7;00  a.m., 
continuing  operations  until  about  10:00  a.m.     It  was  found  this 
season,  however,  that  during  the  hot  weather  of  July  and  August, 
it ^ was  necessary  to  start  poisoning  at  sunup'  in  order  to  get  the 
poison  out  in  time  to  catch  a  feeding  tem.perature ,     Usually  by 
7:00  or  7;  30  o^  clock  the  tem.perature  had  risen  so  high  that  the 
hoppers  had  left  the  ground  and  ceased  feeding  on-  the  bait.  I/lore 
definite  information  will  be  gathered  on  this  subject  in  1932. 
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At  the  present  time  the  outlook  for  1932  is  quite  favorable. 
It  is  probable  that  little  work  will  need  be  done  in  any  of  the 
eastern  counties  except  those  in  the  southeastern  part  of  the 
state  o 

F.  T.  0. 

The  G-rasshopper  Situation  in  Kansas  and  the  Results  of  a 
Correlated  ProKra;:i  of  Wbrk'  in  Extension,  E.  G.  Kelley,  Grass- 
hoppers have  not  been  unusually  serious  in  Kansas  largely-due 
to  the  results  from  seveial  years  of  educational  ?/ork.  Most 
sections  are  v/ell  posted  on  the  methods  of  control  and  the  import- 
ance of  starting  control  work  early.    The  regular  Kansas  formiula 
for  poison  bran  has  been  depended  on.    Even  tho  some  other 
formulas  may  be  just  as  effective  or  cheaper  it  is  best  not  to 
be  changing  recomm^;endations  when  people  are  familiar  with  a  satis- 
factory one  and  have  confidence  in  it-. 

The  general  program  of  extension  work  in  entomiology  for 
Kansas  was  discussed* 

Geo.  A.  Dean  closed  the  discussion  on  grasshoppers  by  giving 
a  brief  summiary  of  the  points  brought  out,  and  a  history  of  the 
developm.ent  of  the  present  day  poisoning  methods.     There  was  much 
discussion  of  the  time  of  day  for  scattering  the  poison,  the  con- 
census of  opinion  being  that  the  poison  should  be  available  in  a 
fresh  condition  for  the  first  feeding  of  the  hoppers  in  the 
morning.    This  feeding  tim.e  varies  with  the  season,  weather  con- 
ditions and  other  factors In  the  semi-arid  plains  sections  the 
'feeding  tem.peratures  may  be  reached  by  sunrise  or  shortly  after- 
wards.   The  bait  should  be  scattered  ea,rlier  than  has  generally 
been  the  practice.     It  was  suggested  that  it  v/ould  -be  an  advantage 
if  a  single  form.ula  could  be  used  in  all  of  the  grasshopper  states. 

IVednesday,  August,  19,  1  p.m„ 

Parasites  of  the  European  Corn  Borer  in  the  Middle  Western 
Area,  K.  D.  Arbethnot,  Bureau  of  Entor-xology,  Monroe,  Michigan. 

A  brief  discussion  of  the  Liberation  Program  in  use  through- 
out this  area,  giving  the  location  of  Liberation  Points,  Tech- 
nique of  handling  parasites,   size  of  colonies  and  distribution  of 
parasites. 

A  resuiTie'  of  the  Recovery  Programi,  including  key  points, 
support  points,  dispersion  collections,  size  of  collections , etc . 

Brief  mention  of  the  parasites  which  have  been  recovered  and 
a  smmiary  of  their  present  status  in  this  area. 

K.D.A. 

The  Im.T)ort?.nce  of  Insects  Affecting  Pastures,  Donald  A, 
Wilbur,  Kansas  State  College.    With  the  considerable  research 
that  has  been  initiated  during  the  past  few  years  on  pastures  and 
pasture  management,  it  is  becoming  necessary  that  entomologists 
properly  evaluate  the  im.portance  of  pasture  insects,  understand 


the  relationships  existing  TDetvjeen  pr.ature  insects  and  the  chief 
cereal  cropsj  and,  when  making  recomniendations  involving  pastures, 
"be  sure  that  such  recormiiendations  are  in  accord  with  good  pasture 
management.    Biological  studies  of  pasture  insects  show  that  many 
of  the  most  serious  pests  of  staple  crops  ^are  at  first  pests  of 
the  grasses  and  go  over  to  the  staple  crops  as  the  grasses  dry. 
or  "beco:-.e  scarce  or  unpalatable,  or  as  the  numbers  of  the  pests 
miultiply.     In  this  way  the  pastures  serve  as  nuclei  of  infection 
for  grasshoppers,  cutworiiis,  ari.iy  worms,  wireworm.s,  white  grubs, 
leaf  hoppers  and  m.any  others «     Again,  pastures  may  serve  as  places 
lor  hibernation  as  in  the  case  of  the  chinch  bug.    With  the 
increased  value  of  pastures  as  a  source  of  cheap  ga.ins  for  most 
classes  of  livestock,  the  insect  injury  to  the  pastures  them- 
selves is  attracting  attention.     The  tim^e  element  is  an  im.portant 
factor  in  connection  with  pests  of  perennial  grasses.  Comparative 
light  attacks  at  a    tim.e  when  the  food  reserves  in  the  roots 
are  low  may  prove  m^ore  serious  to  ."the  grass  stand  than  miuch 
heavier  attacks  later  in  the  season.     There  are  many  obscure 
insects  found  in  pasture  grasses  that  miay  change  their  hosts 
fromi  grasses  to  closely  related  grain  crops  and  becom.e  of  miajor 
importance  in  a  short  tim.e, 

D.  A.  W, 

Notes  on  Honey  Locust  Borer  3  in  Coloro.do ,  S air. •  G «  lac C amip  o e  1 1 , 
Colorado  Agricultural  College,     The  first  record  by  the  State 
Entomiologist  ■  s  Office  of  serious  borer  injury  to  honey  locust  in 
Colorado  was  froL:  Cheyenne  ViTells  in  1926.     The  first  speciinens 
taken  were  of  Leiopus  variegatus  Hald,  but  in  1G27  specimens  of 
Agr ilus  dif f icilus  Gory  were  taken  at  Cheyenne  Y/ells  in  numbers 
exceeding  those  of  Leiopus . 

Observation  over  .,a  period  of  five  years  seemis  to  indicate 
that  Agr ilus  is  the  primary  offender.    Where  a  high  percentage  of 
trees  was  found  in  a  dead  or  dying  condition,  Ao-rilus  was  found 
present,  this  was  not  true  of  Leiopus  in  all  groves  examined. 

Adults  of  these  two  borers  have  been  taken  f roiu  June  until 
late  in  Sept,  All  stages  have  been  observed  of  Agr ilus.  The  egg 
stage  has  not  been  observed  for  Leiopus .     Knovm  distribution  in 
Colorado  is  east  of  104  .degrees  longi'tude.    Honey  locust  the 
only  host  recorded.     Serious  outbreaks  appear  after  seasons  of 
severe  drouth  or  hail  injury. 

In  1930  at  Akron,  Colorado,  over  75  percent  of  the  larvae 
of  Ai-'r ilus    died  apparently  fro^vi  winter  injury.     At anycolus 
rugosiventris  Ash  is  an  important  parasite  of  Agr ilus  larvae, 

ITeoclvtus  acui'r.inatus  Fab.   and  Amphicerus  bioaudatus  Say 
occur  on  honey  locust  in  the  vicinity  of  Fort  Collins. 


S.  G.  MCC 
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Tazonoi:iy  oi  Anuraphis  maidi-radicis  Forbes  (Corn  root-aT3liis) 
and  Allied  Species,  Iliriarr.  A.  Paine  r,  Colorado  Agricultural 
Colle^-e. 

Taxononiic  differences  betv/een  Anuraphis  maidi- r ad i c i s } 
Anuraphis  middletonii  T ho s .   (the  R i r o n  ap h i s)  Anuraphis  me nthae- 
r ad i c i s  and  Anuraphis  senecio-radicis  Gillette  and  Palmer, 
illustrated  by  drawing's.     In  viviparae  the  only  differences  are 
length  of  cornicles  and  antennal  joints,  and  numbers  of  sensoria 
on  antennae.    These  characters  intergrade  and  are  not  entirely 
satisfactory.     In  the  sexual  generations  clearly  distinguishing 
characters  occur  in  the  hind  tibiae  of  oviparae  and  the  alate  or 
apterous  condition  of  the  males « 

Mc  A.  P. 

Wednesday  evening,  P*  B.  Lawson  presiding. 

Professor  Geo.  A.  Dean  gave  a  very  interesting  account  of  a 
recent  European  trip  emphasizing  observations  ma.de  on  agricultural 
conditions  and  practices  especially  those  dealing  with  entomology, 

T  hur  sd  ay  ,  Augus  t  20 • 

It  was  decided  to  have  no  meetings  this  day  but  to  give  it 
entirely  to  collecting,  fishing,  hiking  and  other  forms  of 
recrecition.     All  were  given  their  lunch  in  a  convenient  form  for 
carrying  and  the  cainp  was  much  deserted.     The  evening  had  been 
designated  as  stunt  night  so  some  of  the  groups  took  advantage 
of  the  opportunity  and  it  is  said  that  even  rehearsals  were  held. 
The  five  stunt  leaders  the.t  had  been  appointed  by  the  entertain- 
ment committee  were  K.  D,  Arbethnot,  Geo.  I.  Reeves,  J «rl. Newton, 
Vice  E.  G.  Kelley,  Roger  C.  Smith,  and  F.  E.  Whitehead,  Five 
very  entertaining,  if  not  instructive,  stunts  furnishing  one 
and  one  half  hours  of  very  enjoyable  entertainment  were  presented. 
The  entomological  classification  of  the  "bugs"  present  received 
the  most  votes  as  the  best  stunt.     The  new  species  described  v/ere 
credited  to  Dr.  Hamlin. 

Friday,  August  21,  8;30  a.m.,  Geo,  M.  List  presiding. 

Symposium.-  Mathematical  Analysis  of  Sntomolofi^ical  Data, 
Kotes     The  custom  has  been  to  give  in  the  reports  of  the 
Conference  only  abstracts  of  the  papers  or  talks  presented,  but 
we  take  pleasure  in  g  iving  in  full  two  papers  that  v/ere  presented 
in  the  symposium, 

Geo,  1:1,  List Secretary 
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The  Use  of  Ila.tiioucitics-  in  the  Alfalfa  Weevil  Investiya/Gion 

Geo.  T,  Reeves  and  Dr,  J  cC  =H8,rnlin, 
U » S .  Bur  e  au  o  f  Ent 0 mo 1 o  gy 


The  Alfci.lfa  "Weevil  Investigauion  has  been  n'.uch  criticised 
for  its  fai].ure  to  publish  the  ruS.ss  of  da.ta  which  must  ha/ve 
accuinulated  in  twenty  years  of  continuous  observation  of  a  single 
species.    Farmers^  bulletins  outlining  a  satisfactory  system  of 
practici-l  control  hc.ive  been  published  and  pxlvice  ha.s  been  given 
to  many  investigators  which  ha.s  helped  them  with  Vc^rious  studies 
of  the  a.lfalfa  v/eevil,  but  no  thorough- going  ecological  analysis 
of  the  alfalfa  y/eovil  has  been  made,     I  am  glad  that  it  is  to 
this  gathering  of  men  who  are  not  only  my  friends  but  also  entomo- 
logists especially  concerned  with  the  alfalfa  weevil  that  I  csji 
present  the  first  ecological  analysis  of  the  species.     The  fitness 
of  this  subject  as  a  contribution  to  the  symiposium  on  the  miathe— 
matical  attack  of  entomological  problems  will  appear  as  we 
proceed. 

The  reason  why  none  of  the  data  upon  the  relation  of  the 
alfsjfa^  weevil  to  its  environment,  or  only  the  merest  sketches, 
ha.ve  been  published  is  that,  as  all  students  of  the  alfalfa 
weevil  knov/,  the  data  have  been  apparently  contradictory.  Our 
theories  as  to  the  effect  of  weather  conditions,  parasitismi  and 
farm  operations,  while  clearly  founded  upon  a  sound  conception  of 
the  facts,  were  overturned  year  after  year  as  often  as  we  put 
them,  to  the  test,    17e  dealt  v/ith  such  anom.alies  as  a  parasitism, 
of  SDyi;  which  still  failed  to  control  the  host;  and  a  host  with  an 
enorm.ous  rate  of  miult iplication  whose  nujibers  were  still  appe.rent- 
ly  self— limited  after  the  first  feY;  years  in  a  given  locality. 
The  most  consistent  possible  conform.ance  to  weather  conditions  one 
year  was  follov.ed  by  apparent  disregard  of  al].  such  influences 
the  second  yea.ro 

The  principal  outlines  of  the  life  history  had  already  been 
worked  out  by  Doctor  Titus  before  I  becamie  interested  in  t  he 
problem',  eaid  my  task  was  at  first  to  fill  in  the  missing  links  in 
hopco  of  hitting  upon  the  strategic  point  which  had  not  yet  been 
discovered.    As  a  result  of  this  work,  the  spraying  and  dusting 
method  of  control,  T\h  ich  was  -something  of  an  innovation  as  used 
upon  forage  crops,  was  produced,  but  it  has  never  been  so  widely 
useful  as  it  ought  to  be  because  the  essential  rele.tion  between 
the  pest  and  the  clim.c.te  was  still  unknovm,  and  weevil  attacks 
could  not  be.  foreseen  and  control  cam.paigns  adequately  prepared. 
The  keynote  was  lacking. 

In  1912  Harry   S,  Smiith  planned  somie  hibernation  experim.ent s , 
in  which  the  entire  weevil  population  of  certo.in  2— squcLre— yard 
areas  taken  at  different  tim.es  throughout  the  winter  was  counted. 
Practical  difficulties  interfered  with  this  attem.pt,  and  it  has 
never  yet  been  successfully  carried  through,  but  it  furnished  the 
inspiration  for  a  siiiiilc.r  series  of  observations  which  were  per— 
formied  throughout  the  suirmier  of  1913  upon  the  populcition  of  grow- 
ing fields.    At  the  cost  of  an  enormous  am.ount  of  drudgery,  a. 
complete  census  01  a  square  foot  of  an  alfalfa  field  was  taken 


-12« 


each  week  'Ghrou[;hout  tlie  entire  season,  and  our  ideas  of  the  rough 
seasone/i  history  of  the  species  were  considerably  corrected;  but 
no  meteorological  observations  accorripanied  this  survey,  and  attehipts 
to  correla.te  our  figures  with  the  Weather  Bureau  averages  of  a 
station  several  miles  distant  were,  of  course,  unsuccessful.  The 
principal  result  of  this  season's  work  was  a  method  of  comiparing 
the  population  c£    sprayed  plots  by  sweeping  and  coujiting  the  larvae, 
which,  in  spite  of  its  serious  defects,  was  useful  during  the 
years  1913  to  1918. 

The  trust^vorthiness  of  this  method  of  estimating  the 
population' of  a  field  came  up  for  discussion  between  iir.  Hyslpp  and 
me  a  few  years  a,-,-o,  and  Mr.  Hyslop  visited  us  at  So,lt  Lake  partly 
for  the  purpose,  of  testing  the  sv/eeping  method  of  estiiiiating  field' 
populations.     In  the  discussions  v/hich  followed  Mr.  Hyslop 's  visit, 
Doctor  Hamilin  and  I  canvassed  the  recent  literature  dealing  with 
the  m.athematical  treatmient  of  entom.ological  data,  a.nd  after  throv/— 
ing  out  the  authors  whose  purpose  was  clearly  to  mxystify  the  reader 
and  exhibit  their  ov7n  erudition,  together  with  those  who  were 
applying,  as  rules  ox  thumb,  formulae  which  they  evidently  did  not 
understand,  we  arrived  at  a  nucleus  of  workers  -  largely  inarticu- 
late creatures  -  who  unmiistakably  knew  what  they  w  ere  about.  After 
translating  their  statistical  rigTiiarole  into  English  so  as  to 
uncover  the  beautifully  sim.ple  and  clear  ideas  which  underlie  it, 
we  were  convinced  that  miathemat ical  treatment  could  be  applied  as 
well  to  entomiology  as  to  the  other  biological  sciences  in  which  it 
has  given  such  lem.arkable  results,  and  we  Y^exe  further  convinced  that 
it  was  especially  necessa,ry  ±n  the  case  of  the  alfalfa  weevil. 

We  accordingly  began  the  weekly  collection  of  3  square— foot 
samples  from  a  field  selected  because  of  its  t^'pically  abundant 
weevil  population,  and  we  have  continued  the  collecting  and  count- 
ing of  these  samples  throughout  three  years.    The  operation  consumies, 
besides  a  considerable  amiount  of  my  tim.e,  the  greater  part  of 
Doctor  Hamlin's  -  much  more  than  the  official  daily  eight  hours  - 
and  considerably  more  them  the  official  full  time  of  from  four  to 
six  other  men  who  do  the  laborious  and  responsible  work  of  gathering 
and  examining  the  samiples ,    Tabulation  of  the  results,   if  it  v;ere 
constantly  kept  up  to  date,  would  employ  practically  the  full  tire 
of  one  man  at  a  calculating  miachinco 

The  labor  has,  however,  been  mitigated  since  the  very 
beginning  by  the  obvious  emergence  of  interesting  results,  and 
eventually  it  has  brought  out  an  obscure  fact  v/hich  could  hardly 
have  been  discovered  by  any  other  means,  but  which  furnishes  the 
key  to  the  alfalfa  weevil's  relation  to  its  environmicnt ,  This  fact 
is  that  every  year  a  certain  insignificant  pa,rt  of  the  species 
hatches  too  late  to  be  killed  by  para.sites  or  by  the  heat  of  the 
stubble-fields,  feeds  unnoticed  upon  the  second  crop  instead  of  the 
first,   and,  after  most  of  the  enormous  first-crop  population  has 
perished,  survives  to  furnish  the  nucleus  for  the  next  generatiai  • 
Furthermiore,  this  im:portant  vestige  can  be  regulated  by  adjusting 
the  cutting  of  the  first  and  second  crops  to  the  parasitic  attack 
and  the  v>feevil*s  developm^ental  schedule.     So  m.uch  for  the  practical 
results.     The  process  is  as  follows: 
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The  fluctuations  froia  v/eek  to  v/eol:  of  the  various  eleruonts 
of  the  weevil  population  of  -the  field,  suoli  as  adults  of  the  nev; 
and  old  generation,   eg{-;s,'  four  fStages  of  larvae,  pupae  end  para- 
sitic la,rvae,  are  plotted  and  conipsi-red  v;ith  various  meteorological 
and  cultural  influences,  of  the  forhier  of  which  terr.perature  is  the 
iT.ost  important,  and  of  the  latter  the  cutting  of  the  crop.  This 
is  done,  not  by  trying  to  connect  pa.rticular  phenomena  of  insect 
growth  directly  with  particular  instances  of  weather  "behaviour, 
but  by  treating  the  particular  instances  of  both  as  departures  from 
the  normal  procedure,  as  shown  by  the  history  of  all  the  available 
years o 

For  example,  at  the  beginning  of  the  season  of  1930  the 
surviving  adults,  representing  an  inheritance  from  the  previous 
year,  numbered  5,59  to  the  square  foot  of  alfalfa  field.    Late  in 
April  they  began  to  disappear  and  by  the  end  of  August  they  were 
all  gone.     The  steps  of  this  cha.nge  are  shown  by  Figure  1,  in 
which  the  dotted  line  represents  the  numbers  of  weevils  to  the 
square  foot  observed  on  each  of  the  dates  arrayed  on  the . horizontal 
margin,  and  the  solid  lirs  represents  a  S-'point  moving  average 
employed  to  neutralize  the  errors  due  to  random  sampling. 

These  survivors,  the  breeding-base  of  the  species,  with 
the  breaking-up  of  v/inter  v/ere  subjected  to  the  action  of  clim.a.tic 
factors?  best  represented  by  temperature,  whose  eff ect  ,v/as  to  pro— 
mxOte  egg-laying.    The  egg  population,  hitherto  consisting  of  the 
fev/  eggs  laid  the  previous  fall,  increased  slowly  at  first,  and 
beginning  the  first  of  April  rose  abruptly  to  593  per  square  foot 
on  April  21,  then  miOre  gradually  to  a  pea.k  of  735  oh  Llay  18,  and 
finally  fell  to  335  just  "before  the  first  cutting,  which  came  June  9. 
After  the  cutting,  a  small  and  shrinking  egg  population,  having  a 
peak  of  26  eggs  per  square  foot,  persisted  until  second  cutting, 
July  29,  1930,    It  seemis  to  be  of  special  importance  beyond  all 
proportion  to  its  size. 

These  fluctuations  are  shown  graphically  by  the  coarsely- 
dotted  line  in  Fig.  2,  whose  shape  suggests  that  it  m^ay  approxinate 
a  normal  distribution  curve.  Such  a  curve,  bf  the  type  indicated 
by  the  equation  ^ 

u  ^  e'^^  ' 

fitted  to  the  observed  eg.,  values,  is'shov;n  in  the  solid  line,  and 
its  agreement  with  the  coar sely-cLotxed  line  is  obvious.  These 
curves  shov;  that  oviposition  ?/as  nearly  completed  before  the  cutting 
of  the  first  crop,  indicated  by  the  vertical  line.    They  also  call 
attention  to  the  small,  dwindling  egg  population  after  the  first 
cutting,  which,  although  numerically  trivial,  proves  to  be  of  the 
greatest  practical  im.portanceo 

Now,  let  us  apply  the  same  mathematical  form.ula  to  the 
egg  population  of  the  1931  season.    Here  the  f inel^r-do tted  line 
(Fig.  3)  represents  observed  values  and  the  solid  line,  the  mathe- 
miatically  computed  curve.     The  shape  of  this  surve  is  very  different 
from  that  of  1930,  but  the  fit  again  is  excellent. 
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The  1929  season  slioivs  an  ej^-g  curve  of  still  another  form, 
but  fitting  equally  well  the  same  equation.    Kence  we  conclude  that 
the  eg£-  population  folj.'-'v/s  a  noriiial  distribution  curve,  and  we  shall 
be  able  to  detect  any  coviati.ons  in  future,  thus  opening  the 
possibj.lity  of  cor.relating  p.uch  deviations  with  environmental  factors 

A  similar  process  is  used  in  analyzing  the  larval  popula- 
tion produced  from  the  enormous  eg:;^-  population  of  the  first-crop 
period.     For  1S30,  this  larval  popula-tion  as  obtained  from  actual 
counts  is  shown  by  the  finely-dotted  line  (Fig.  3),  which,  since  the 
larvae  are  derived  from^  the  eggs,  naturally  parallels  the  left 
side  of  the  egg  curve.    Again  in  1931  (Fig.  3),  the  larval  line  is 
roughly  parallel  to  the  upslope  of  t he  egg  curve.    Doubtless  these 
larval  values  would  fit  a  curve  of  the  norLial  frequency  type  which 
could  be  computed  from  the  egg  and  the  tem.perature  curves,  and  used 
to  forecast  the  resulting  adult  population;  were  their  trend  not 
always  interrupted  by  the  cutting  of  the  first  alfalfa  crop,  which 
usually  occurs  in  early  June  in  the  Salt  Lake  valley*    As  it  is, 
that  portion  of  the  curve  which  we  do  have  is  probably  most  useful 
when  considered  as  a  straight  line. 

This  larval  population,  developing  -under  the  influence  of 
climatic  conditions  from,  the  egg  population  alread'y  charted,  and 
tending  to  produce  a  certain  adult  population   is  subjected  to  a 
disturbance  in  the  form  of  parasitism  by  Bathyplectes  curculionis 
Thoms,     Thus  on  Hay  1st,  1930,  the  fourth-stage  larvae  showed 
parasitismi  of  73.3'/5  when  the  first  ones  appeared.     The  parasitismi 
then  rose  to  98.8fo  on  May  13th,  and- .declined  to  SO.sfa  on  June  Sth 
just  before  the  cutting  of  the  first  crop.     The  destruction  of 
v;eevil  larvae  thus  f oresho.doived  profoundly  a,lters  the  outlook  for 
T/eevil  increase. 

^>  However,  before  parasitism  brings  about  the  death  of  the 

larvae,  the  cutting  of  the  first  crop  produces  drastic  ecological 
changes  in  the  alfalfa  field,  killing  almost  impartially  both 
parasitized  ?„nd  imparasit ized  larvae  (Fig,  4).  Within  one  week 
after  the  cutting  time  in  1930  the  larval  population  declined  95.6fo. 
Only  2.4^^j  of  this  reduction  is  accounted  for  by  larvae  developing 
into  the  cocoon  stage,  the  remiaining  94,2>a  of  the  decrease  being 
due  to  heat  and  starvation;  that  is  to  say,  cultural  control.  This 
kill  operates  on  larvae  of  all  stages  and  conditi(js,  but  91.0fo  of 
the  survivors  are  mature  larvae.     Some  of  these  spin  cocoons  during 
the  second  week  after  cutting,  and  others  succuj::b  to  the  adversi- 
ties of  the  stubble  field,  so  that,  two  weeks  after  cutting,  the 
larva.l  population  has  almost  disappeared.    It  is  then  renewed  by  the 
hatching  of  the  eggs  laid,  after  the  first  cutting,  by  the  few 
surviving  overwintered  a.dults. 

This  is  the  dwindling  egg  population  mentioned  earlier  in 
connection  with  the  egg  curve.  ^These  eggs,  like  the  earlier  ones, 
.are  laid  mostly  in  litter  on  the  ground; "they  produce  a  larval 
population  which  is  represented  in  Figure  4  near  the  base  line  and 
between  the  two  vertical  lines  with  its  peak,  v;hich  coi:-es  4  weeks 
after  the  first  cutting,  only  one-thirtieth  as  large  as  the  peak 
of  the  earlier  larvae.    This  curve  is  inconspicuous,  and  the  larvae 
v/hich  it  represents  are  too  few  to  be  noticed  in  the  field.  They 


owe  their  iiuToortance  to  thoir  appoarint^'  alter  parasitism  and  the 
cultural  kill  have  spent  their  force.    Moreover,  in  spite  of  the 
shortness  of  the  second-crop  growing  period,  the  temperatures  are 
so  high  and  larval  grov/th  consequently  so  rapid,  that  a  large- 
percentage  of  the  second-crop  larvae  pupate  and  emerge  "before 
cultural  kill  again  comes  into  play  at  the  second  cuttingo 

The  consequence  is  that  the  cocoon  population  resulting  from 
both  the  first-  and  second-crop  larvae,  shown  "by  the  finely-dotted 
line  ,  in  Fig.  5,  presents  a  Mmodal  curve  having  its  peaks  near 
the  vertical  lines  which  represent  the  first-and  second-crop  cutt- 
ings.    The  first-crop  population,  culminating  June  16,   is  the 
larger,  reaching  a  height  of  36o38  per  square  foot,  "but  its  members 
show  a  parasitism  of  83.78  to  Sb.OSf!?  and  a  considerable  heat  kill, 
while  the  second  peak,  although  much  sm.aller,  is  affected  by  parasi- 
tism of  only  8.08  to  8.70';^  and  a  negligible  heat   mortality.  Actually 
therefore,  the  small  second-crop  larval  division  is  m^ore  important 
than  the  larger  first-orop  populatim  ,  a  fact  which  is  reflected 
by  the  numbers  of  living  pupae  resulting  from  the  tv/o  groups;  that 
is  to  say,  the  individuals  v/hich  have  escaped  both  biological  and 
cultural  kill,  represented  by  the  coarsely-dotted  line  in  Fig,  5, 

The  imxportance  of  this  second-crop  cocoon  population  is 
finally  established  by  consideration  of  the  nev/-generation  adult 
population,  shown  by  the  solid-line  curve  in  Fig.  5,     From  it  we 
see  that  the  bulk  of  the  adults  v/hich  form  the  potential  breeding- 
base  for  the  succeeding  year,   and  which  do  not  appear  until  the 
first  of  August,  have  resulted  from  the  long-overlooked,  small 
larval  population  present  on  the  second  crop. 

In  the  unsuspected  significance  of  this  population  lies  the 
solution  to  that  perplexing  question,  how  we  could  experience 
nearly  perfect  parasitism,  one  year  and  still  have  sufficient  new- 
generation  adults  produced  to  cause  weevil  injury  the  following 
year.     The  explanation  is  now  sim^ple:  nam:ely,  that  the  apparently 
imimiportant  second-crop  larval  population  is  so  little  affected 
by  either  biological  or  cultural  kill,  that  it  serves  to  m^aintain 
the  adult  population  at  an  economically  dangerous  level. 

Another  problem  was  presented  by  the  fact  that  different 
fields  in  a  sm.all  locality,  although  subject  to  the  same  weather 
conditions,  would  range  all  the  way  fromi  slight  to  severe  damiage. 
The  answer  here  is  that  the  customary  difference  in  cutting-dates 
of  different  farm^ers,  am.ounting  often  to  a  week  or  m.ore,  m.alces  a 
tremendous  difference  in  the  effectiveness  of  the  cultural  kill, 
without  which  the  biological  kill  is  inadequate.    This  condition 
also  explains  the  result  of  a  recent  statistical  study  which  shov/ed 
that  the  adult  population  was  homiogeneous  in  individual  fields 
but  th3.t  thjre  was  a  highly  significant  difference  in  abundance  of 
weevils  in  different  fields. 

Many  years  ago  the  staff  of  the  alfalfa  weevil  laboratory 
learned  tha.t  only  a  portion  of  the  new-generation  female  weevils 
were  capable  of  depositing  eggs  during  the  foJl  of  the  samic  year 
they  became  adult.     The  existence  of  two  divisions  of  larvae, 
producing  two  distinct  divisions  of  adults  may  acplain  this  observa- 
tion, for  it  is  likely  that  only  the  adults  of  the  first  division 
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are  capable  of  ovipositing  in  t he  fall,  their  younger  sisters  not 
reaching  sexual  maturity  until  the  follov/ing  sprang. 

In  regions  where  weevil  damage  is  custoiia  ry  and  serious? 
farmers  o/re  compelled  to  time  their  cutting  by  the  stage  of  injury 
instead  of  the  sta.ge  of  growth;  and  even  where  the  damage  is  less 
regulo.r,  and  early  cutting  less  necessary,  it  is  practiced  to  a 
considerable  degree.    The  purpose  is  to  save  the  existing  crop,  but 
the  practice  also  indirectly  reduces  weevil  damage  the  following 
year,  and  it  is  probable  that  by  this  means  the  farmers  of  infested 
localities,  after  contending  with  the  weevil  for- several  years, 
unwittingly  lower  the  weevil  population  and  give  foundation  to 
Doctor  E,  D.'  Ball's  surmise  that  weevil  injury  autom.atic ally  tended 
to  subside  within  4  or  5  years  after  its  first  appearan-ce. 

From:  the  foregoing  discussion  it  must  be  clear  that  field 
studies  planned  r.;id  executed  in  accordance  with  the  requirements  of 
mathematical  analysis  have  revealed  the  mechanism  whereby  the  weevil 
continues  its  existence  in  fluctuating  abunda^nce  from:  year  to 
year.      It  is.eqij.ally  clear  that  the  results  point  definitely  to 
cultural  control  of  the  species  by  modification  of  existing  harvest- 
ing practices.    Experiments  to  .this  end  are  scheduled  for  the  coming 
season. 

It  now  remiains  but  to  illustrate  the  m.ethods  of  miathem.ati— 
cal  analysis  which  we  have  emiployed  in  our  study;  these  exaniples 
are  presented  in  the  succeeding  paper. 
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The  Llathematical  Approach  to  Insect  ProblerfiS 

By 

Geo.,  I.  Reeves  and  Dr.  J.  C.  Hamlin, 
U.  S.  Bureau  of  Ento.aology 

Mathematical  analysis  has  up  to  the  present  time  been  foiond 
useful  in  three  conspicuous  problems  connected  with  the  alfalfa 
weevil,  tv/o  of  which  are  of  immediate  practical  application  and  the 
other  possibly  of  still  greater  eventual  importance c  These  are,  the 
relation  of  temiperature  to  the  increase  of  the  species,  the  effect- 
iveness of  the  imported  parasite,  and  the  conception  of  a  ba.se 
curve  of  temperature  in  reference  to  which  all  such  phenomiena  can 
be  studied,    "Underlying  the  treatment  of  these  problem.s  is  the 
idea  of  carefully  planned  and  precisely  executed  observation  and 
collection  ne  thods  as  a  foundation  for  mathematical  analysis. 

Relation  of  Temperature  to  Increase 

The  primiary  factor  in  weevil  increase  is  plainly  the  rate 
at  v/hich  eggs  are  produced,  and  its  dependence  upon  tei.iperature 
has  long  been  vagiiely  recogTiized,    The  obvious  mxethod  of  approach- 
ing a  quantitative  study  of  this  process  v/ould  be  to  observe  the 
fluctuations  in  the  egg  population  throughout  the  season  as  it 
follows  the  normal  frequency  curve  shown  in  Figs.  2  and  3, 
Unfortunately  for  this  purpose,  the  egg  population,  although  it 
increases  exclusively  in  response  to  oviposition,  will  not  serve 
as  an  index  thereof  because  it  is  constantly  depleted  by  other 
causes,  chief  of  which  is  the  hatching  of  the  eggs. 

This  difficulty  is  avoided  by  using  the  increase  of  the 
total  immiature  population  as  a  measure  of  the  oviposit icn»  The 
lar,Yal  stages,  like  the  egg  stage,  suffer  diminution  by  the  natural 
progress  of  the  individuals  from  stage  to  stage  and  finally  to 
maturity,  but  the  earlier  steps  leave  the  total  unchanged  and  the 
last  one  does  not  happen  until  after  the  cutting  of  the  first  crop 
has  itself  temporarily  halted  this  phase  of  the  investigation. 

The  average  immiature  population  is  accordingly  plotted  in 
Fig.  6  as  the  dependent  variable  against  the  accuimlated  effective 
day-degrees  Fahrenheit.     This  unit  is  computed  with  the  planimeter 
from  thermograph  records  taken  at  ground  level  in  the  alfalfa  field, 
assuming,  upon  considerable  evidence,  that  50°  F.  is  for  this 
purpose  the  threshold  of  development.    Using  this  unit  instead  of 
the  time-unit  em.ployed  in  Figs.  2  and  3  gives  each  week  weight  in 
proportion  to  its  average  tem.peraturo ,  instead  of  assuiriing  them  all 
equally  effective  in  promoting  the  increase  of  the  immiature  popula- 
tion.  ^It  reiuoves  weekly  fluctuations  caused  by  varying  weather 
conditions  and  discloses  the  dependence  of  oviposition  upon  temrpera- 
ture;   and  it  excludes  norm.al  developmental  changes,  limiting  to 
actual  m.ortality  the  significance  of  apparent  decreases  in  the 
population^ 

The  dots  represent  the  number  of  eg^s  and  larvae  present 
from  February  17  to  June  5.,  1930,  and  the  crosses,  the  corresponding 
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values  for  1S31,    The  fact  that  the  dots  and  the  crosses,  respect- 
ively lie  in  nearly  straight  lines  sloping  at  an  angle  of  45^  to 
the  horizontal,  indicates  that,  from  early  spring  to  within  two  to 
four  weeks  of  the  first  cutting,  the  imiv.ature  population  increases 
in  direct  proportion  to  the  accui.-ulated  day-degrees  of  effective 
temperature. 

The  departure :  from  thSse' lines,  in  the  last  tv/o  values 
"before  cutting  in  1930  and  the  last  four  in  1951,  at  a  time  when 
no  larvae  'had  yet  passed  over  into  the  adult  stage,,  shows  that 
some  component  of  the  immature  population  had  perished;   and  addi- 
tional records  indicate  that  the  mortality  was  among  the  nevif- 
hatched  larvae.      It  is  believed  that  the  explana.tion  lies  in  the 
unusually  long  period,  21  to  28  days  instead  of  10  to  14,  between 
the  heading— out  of  the  alfalfa  a.nd  the  cutting-  of  the  hay  crop, 
during  which  time  the  m.aturing  and  hardening  tips  were  unsuitable 
for  the  entrance  of  the  young  larvae. 

Besides  the  general  correlation  between  accumulated  temper- 
ature and  oviposition,  and  the  departure  caused  by  the  ripening  of 
the  crop,  another  discovery,  still  unaccomplished,  is  f oreshadov/ed 
by  the  position  belovY  the  line,  of  the  three  points,  (914,277) 
(820,  236),  and  (822,   315)  in  1950.     Thus  mathematical  analysis 
has  yielded  precise  corroboration  of  a  long-suspected  truth,  has 
dem.onstrated  the  existence  and  found  the  cause  of  an  unsusj^ected 
fact,  and  has  indicated  where  to  look  for  another  discovery  whose 
nature  and  importance  we  are  unable  to  surmise. 

Effectiveness  of  the  Imported 
Parasite 

The  effectiveness  of  the  ichneumonid  parasite,  Bathyplectes 
curculionis  Thorns,,  is  so  interdependent  with  the  temperature 
relations  just  described  and  with  the  killing  effect  of  stubble- 
field  conditions  that  all  previous  attempts  to  estimate  it,  by 
rearing  host  la,rv-e.e  and  determining  the  so-called"purcentage  of 
parasitism",  has  resulted  only  in  showing  vaguely . that  the  parasi- 
tism, was  large  and  yet  often  economdcally  ineffectual,  "Percentage 
of  parasitism",  as  applied  to  larvae,  and  m^eaning  the  percentage 
at  an  arbitrarily  selected  m.om.ent  or  the  average  percentage  for 
the  season,  is  what   Spencer  called  a  symbolic  conception,  corres- 
ponding to  no  real  ide^;    for  the  percentage  of  parasitism,  varies 
from  hour  to  hour  and  is  never  an  index  either  of  the  activity  of 
the  parasite  or  of  the  injury  inflicted  upon  the  host.  Parasitism 
can  be  measured  only  by  measuring  its  fluctuations;  and  it  can  be 
interpreted  only  by  observing  the  relation  of  its  fluctuations  to 
the  other  influences  which  determxine  the  rise  and  fall  of  the  host 
species  . 

The  formis.- requirement  involves  first  ascertaining  the 
underlying  facts,  preferably  by  some  less  difficult  and  miore  accu- 
rate method  than  by  rearing  haphazard  sam.ples  of  larvae;  the 
latter  requirement  necessitates  basing  the  pars-site  analysis  upon 
the  same  m.aterial  that  is  used  for     the  general  ecological  survey. 
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In  the  field  which  is  "beint--  studied  8  scanples,   each  containing  all 
the  population  of  a  square  foot,   ax'e  taken  on  the  first  day  of 
each  week.    For  parasite  study  the  larvae  of  each    sample  are 
sorted  into  the  4  larval  stag;es  on  the  "basis  of  head  size,  and  after 
thorough  mixing  of  each  sta..,"e  a  lot  of  5  is  drawn  at  random  for  . 
dissection  urd.  er  the  binoculcir  microscope.     Five  such  mixings  and 
drawings  are  lacide  in  succession,  and  when  the  dissections  have 
been  m.ade  and  the  nuuiiber  of  parasitized  larvae  has  been  recorded, 
the  coefficient  of  variation  for  the  given  sam^ple  and  stage  is 
computed.     If  this  exceeds  a  certain  arbitrarily  chosen  value, 
additional  sets  of  5  lots  of  5  larvae  each  are  drav/n  and  dissected 
to  lower  the  coefficient  of  variability , the  final  percentage  being 
based  upcn  the  total  number  examined.     Thus  a  minim.um  of  200  from 
each  larval  stage  are  dissected  each  week  when  the  samples  provide 
so  m.any,  and  enough  miore  to  bring  the  various  lots  to  a  high  degree 
of  uniformdty. 

The  result  appears  in  the  low  probable-error  values  of 
Table  1,  which  sets  forth  the  mean  percentage  of  parasitism  of  each 
larval  stage  for  each  week  throughout  the  first-crop  growing 
season  of  1931.    In  this  table,  the  probable  error  of  the  m.ean  has 
been  attached  to  all  m.eans  derived  from  50  or  m.ore  larvae.  It 
has  been  omdtted  in  the  case  of  "Cocoons",  for  virhich,   as  they  were 
not  handled  in  random  lots,  no  measure  of  dispersion  can  be  calcu- 
lated. 

The  probable  error  of  the  percentages  in  this  table  is 
not  only  a  measure  of  their  trustworthiness  but  it  also  determines 
whether  the  differences  between  various  values  is  significant  or 
accidental.    For  this  purpose  the  probable  error  of  any  difference 
is  calculated  by  adding  the  squares  of  the  probable  errors  of  the 
tv/o  means  and  extracting  the  square  root  of  the  suj:1,  as  shown  in 
the  formula:- 


where  M-j_  and        are  the  two  m.ean  values  and  en   and  e„  are  their 
respective  profJable  errors,  ^ 

Comparing,  for  example,  the  parasitism  of  Ist-stage  larvae 
on  April  27  with  that  on  Hay  4,  it  appears  that  the  differerce 
between  the man  percentages  on  those  dates  is  16.33,  with  a  probable 
error  of  3.47.    The  difference,  being  4.7  tines  as  lare:e  as  its 
probable  error,  is  by  customary  standards  clearly  significant. 
But  comparing  the  percentages  of  this  larval  stage  for  May  4  and 
May  11,  we  obtain  a  difference  of  7  i  3.64;  here  the  difference  is 
only    1.9  times  its  probable  error  and  therefore  m.ust  be  regarded 
as  a  fortuitcus  fluctuation. 

In  Table  1,  the  spaces  between  percentages  of  parasitism 
which  are  not  sigiiif  icajvtly  different  are  m.arked  by  Xs .     In  all 
other  cases  percentages  which  are  either  vertically  or  horizontally 


adjacent  differ  significantly,  or  in  other  v/ords,  indicate  a  trend. 

So  considered,  Table  1  shows  that  the  maximiiifl  of  parasitism 
obtained  on  May  20.     The  apparent  decrease  in  parasitism  of  the 
Ist-stage  larvae  en  that  date  is  ignored  bece.use  other  data  show 
that  it  was  produced,  not  by  a  decrease  in  the  number  of  parasites, 
but  by  an  influx  of  newly-hatched  larvae  which  diluted  the  parasi- 
tisKo  ,  After  Ivlay  20  the  hitherto  prevalent  increase  in  parasitism 
gave  place  to  a  general  decline  vmich  could  be  explained  only  by  a 
large  increase  in  host  larvae  or  by  diminishing  activity  of  the 
adult  parasites.  ■ Since  the  general  ecological  survey  shows  that 
there  was  no  larval  increase  'between  May  20  and  May  25,  when  the 
decline  began,  the  decreased  parasitism  m.ust  mean  deteriora-cion  of 
the  adult  parasites. 

The  continued  reduction  of  parasitism  after  May  2  5,  at 
first  slight  and  not  significant,  indicating  that  Bathyplect es , 
though  on  the  wane,  was  still  able  to  maintain  the  then  reduced 
level  of  parasitism,  becomes  after  June  1  a  general  and  significant 
decline,  m^arking  the  last  phases  of  the  oviposition  of  the  over- 
wintered individuals  of  Bathyplectes }Which  have  hitherto  supplied 
all  the  parasitismi.     On  June  8,  hov/ever,  the  short-cycle  micmbers 
of  the  1S31  generation  begin  issuing.    This  reinf orcem.ent  stops, 
the  jcapid  decline  in  larval  parasitism,  so  that  the  percentages 
of  Jume  15  are  not  significantly  different  from  those  of  June  8, 

At  this  point  the  cutting  of  the  first  crop  of  hay  inter- 
vened to  prevent  any  further  developmient  and  fix  the  parasitism 
am.ong  the  various  stages  at  the  figures  shov/n  in  the  last  line  of 
the  table. 

The  last  columin  of  Table  1,  "Cocoons",  shows  the  percentage 
of  parasitism,  of  spun  larvae,  pupae  and  parasite  cocoons  within 
host  cocoons  ,    It  is  included  partly  because  of  the  conf  irm.ation 
which,  allov;ing  for  the  ten-day  lag  between  the  stages,  it  furnishes 
for  the  percentages  of  the  4th-stage  larvae;  and  partly  also  because 
the  parasitism  is  slightly  higher  in  the  cocoon  stages  indicating 
that  Bath:/plectes  adults  attack  some  4th-stage  larvae. 

This  analysis  of  the  fluctuations  of  parasitism,  and  their 
relations  to  the  season,  the  host  species,  and  the  farm,  s  chedule, 
may  be  comipleted  by  applying  the  same  ne  tnods  to  the  differences 
between  the  vertical  columjiH  of  percentages  in  Table  1,  which  bear 
upon  the  selectivity  of  the  parasitic  attack  as  between  larval 
stages.    Mere  visual  inspection  shows  that  pa.raGitism  is  nuir.erically 
higher  in  each  successive  larval  stage,  'ait  does  not  show  which 
increases  are  significant.  The  method  above  discussed,  however, 
indicates  that  all  these  19  differences  are  significant  except  3, 
which  micans  that  Bathyplectes  parasitism,  is  a  function  of  the 
length  of  exposure  of  the  larvae. 

The  somewhat  sim.pl ernie.-jhod  of  Fisher,*  while  it  fails  to 
show  the  particular  points  between  which  the  difference  is  not 
significant,  is  preferable  for  ne  rely  comparing  two  scries  of 
values,  as  presented  in  the  following  table; 


Sta-ges  Compared 


Mean  Difference 


Probability  that  Such 
Difference  Resulted 
from  Ghance  Variation 


2nd  minus  1st  ■+  32.10  less  than  .01 

3rd      "2nd  -i  25.37  "        "  .01 

4th      "      3rd  4    9.52  between .  .01  and  .02 

While  the  percentage  of  parasitism  increases  with 'the  age 
of  the  host 'larvae,   it  does  not  vary  in  direct  proportion  thereto, 
as  is  shown  in  Fig.  7  by  plotting  the  average  percentage  of  para- 
sitism of  each  stage  against  the  midpoint  of  the  average  period  of 
life  of  that  stage  expressed  as  a  percentage  of  the  total  larval 
period.     The  straight  line,  answering  to  the  equation  y  -  x,  is 
obviously  the  one  in  v/hich  t  he  vs.lues  v/ould  lie  if  parasitism  rose 
in  direct  ratio  to  the  length  of  exposure  of  the  larvae.  The  curved 
line  connecting  the  obser-ved  values  of  parasitism,  dropping  s,s  it 
does. below  the  straight  line  at  the  upper  end,  shows  that  the 
fourth  stage  larvae,  doubtless  because  of  their  tough  skin,  are 
exceptionally  free  from  attack  by  Bathyplectes .  This  conclusion  is 
further  substantiated' by  direct  visual  observation  in  the  field. 


The  Base  Curve  of  Effective  Temiperature 

That  there  is  a  fundamental  relationship  between  tempera- 
ture and  insect  activity  is  universally  recoe-^nized,  yet  the  great- 
est difficulty  has  been  encountered  in  determ.ining  just  what  the  ^ 
relationship  is  for  individual  species,  except  perhaps  under  con- 
trolled conditions  which  depart  widely  from  conditions  in  nature. 
The  very  profusion  of  temperature  values,  such  as  daily,  weekly, 
monthly  or  annual  maxima,  minim.a,  or  means,  for  a  single  season 
in  one  locality  ham.per  our  interpretation  of  temperature  effects, 
and  Yjhen  many  localities  are  studied  throughout  a  period  of  years 
the  temperature  data,  even  v/hen  somiewhat  reduced  by  plotting  -curves 
for  the  average  of  each  locality  with  which  any  particular  year  may 
be  comprired,  become  so  nuiie  rous  that  intelligent  interpretation  of 
the  data  is  well-nigh  im.possible. 

Confronted  with  this  problem  of  devising  a  feasible  ne  thod 
for  studying  tem.perature ,  ¥/e  have  endeavored  to  reduce  the  m^ulti- 
plicity  of  tem.perature  data  to  a  single  curve  representative  of 
the  usual  seasonal  trend.    In  doing  this  the  nuir.ber  of  effective 
day-degrees  (above  50°  F.)  occurring  during  each  week  has  been 
comxputed  by  plani;;.eter  from,  therm.ograph  records  taken  at  ground 
level  in  the  alfalfa  field.     These  values  v/hen  plotted  appear  to 
follow  the  normal  distribution  curve,  and  we  have  therefore  fitted 
to  them  such  a  curve,  obtained  from,  the  forn.ula 
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*Fisher,  R.  A.  Statistical  Llethods  for  Research  Workers.  2nd  Sdc 
1S28.     Oliver  &  Boyd,  Edinburgh.  • 


This  theoretical  normal  curve,  to;^"ether  with  the  actual 
curves  for  the  years  1928,  1929,  and  1930,  is  shovm  in  Fig.  8, 

Records,  secured  in  situations  inhabited  by  the  weevil, 
v/hich  7/ere  available  when  this  curve  was  bonstructed  covered  ' 
only  the  three  years  1928  to  1930.*     It  will  be  seen  that  the  heavy 
black  line,  representing  the  normal  curve,  provides  a  reasonably 
good  fit  for  the  aggreg£.te  cf  lines  for  the  several  years.  Accept- 
ing'this  curve  as  the  base  curve  of  temperature,  v/e .  are  at  once 
enabled  to  study  distinct  abberatione  therefrom  in  any  particular 
year  in  relation  to  its  effect  upon  weevil  activity.    For  example, ■ 
the  effective  temperatures  during  April,  ,1930,  were  m.uch  above 
those  of  the  base  curve.    Let  us  now  look  at  the  egg  population  of 
that  year,  ' 

Fig.  9  shov/s  olearly  that  the  excessive  temperature  in 
April  was  accom.panied  by  a  great  increase  in  the  egg  population, 
as  indicated  by  the  finely  dotted  lin}  •    The  midpoint  of  the  top— 
m.ost  points  on  the  egg  curve  obtained  on  May  5,  v/hich  m.ay  be '  con- 
sidered the  peak  of  the  curve,  although  the  actual  peak  cam.e  laver 
due  to  adverse  v;eather  during  the  first  part  of  Llay.     In  1931, 
on  the  contrary,  Fig,  10  shows  that  there  was  no  excess  of  tem.pera- 
ture  during  April,  but  instead  the  day-degrees  accumulated  by  the 
end  of  April  closely  approximated  the  sum  of  day-degrees  on  our 
base  curve.    V/e  should,  therefore,  expect  the  egg  peak  to  occur 
somewhat  later  in  1931  than  in  1.930;  and  the  mddpoint  of  the  higher 
values  on  the  egg  curve  actually  did  ouxrur  on  May  20,  about  tv;o 
v/eeks  later  than  in  1930.    It  is  also  worthy  of  note  that,  although 
the  excess  of  tem.perature  in  April,  1930,  m^arkedly  advanced  e^g- 
laying,  the  average  deposition  per  fem.ale  was  only  slightly  over 
half  that  of  the  1931  season  when  the  tem.perature  approxim.ated 
the  base  curve. 

It  m.ay  be  added  that   the  base  curve  of  tem.perature ,  itself 
a  normal  frequency  curve,  was  successfully  used  jn  ccnj unction  \/ith 
the  normial  egg-population  curve  in  forecasting  the  egg  population 
later  determined  by  actual  counts  during  the  present  season.  This 
operation  requires,  of  course,  knowledge  of  the  magnitude  of  the 
breeding  base. 

Another  exam.ple  of  the  utility  of  the  base  curve  of  temper- 
ature is  its  use  in  forecasting  the  date  of  first  cocooningo  Knov;- 
ing  the  date  of  appearance  of  first  larvae,  the  be.se  curve  serves 
to  indicate  when  a  sufficient  nuir.ber  of  day-degrees  to  m.ature  these 


^  Since  presenting  this  paper  we  have  had  an  opportunity  to  calcu- 
late the  base  curve  including  the  1951  tem.peratures ,     The  two  curves 
are  practically  identical  as'may  be  noted  from  somparing  the  mieans 
and  the  standard  deviation,   the  vital  element  of  the  form.ula.  For 
the  three-year  curve  the  mean  was  24.5  weeks  from  our  starting  point, 
and  in  the  four-year  curve  it  was  24,3,     The  standa,rd  deviation, 
calculated  from  the  three-year  data  was  7,16,  while  the  inclusion 
of  the  fourth  year  changed  it  to  7.09. 
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larvae  v;ill  have  obtained;  the  date  so  indicated  is  then  subject 
to  advancer:.ent  or  retardation  accoirdiug  to  whether  the  abberations 
from  the  base  curve  are  positive  or  negative.    This  procedure 
v/as  employed  with  the  greatest  success  during  the  current  year. 

Having  secured  and  used  the  base  curve  of  temperature, 
we  v/ere  puzzled  to  reconcile  its  exponential  character  with  the 
physical  basis  of  weather  conditions*     That  it  fitted  the  facts 

we  were  reasonably  Batisfied  at  least  in  so  far  as  was  possible 

on  the  basis  of  only  three  years'  temperature  records — yet  it 
seemied  a  purely  arbitrary  representation  of  those  facts.  But 
we  found  upon  study  that  the  base  curve,  approximiating  a  normal 
frequency  curve,  m.ay  be  equally  well  represented  as  a  comiplex 
periodic  curve,  Fig,  11,  of  which  the  fundamiental  elemicnts  is  a 
sine  curve  representing  the  recurrent  seasonal  exposure  of  the 
northern  hem.isphere  to  the  sun,  miodified  by  a  phase  displacem.ent 
representing  the  lag  in  the  approach  of  spring  due  to  the  earth's 
specific  heat,  and  further  modified  by  a  sine  curve  of  shorter 
wave  length  representing  the  weather  fluctuations  which  can  be 
observed  in  the  records  of  individual  years  and  which  in  northern 
Utah  are  extremiely  regular. 

These  curves  are,  from  the  entomiological  viewpoint,  largely 
metaphorical,  but  they  do  serve  to  shov;  that  the  activities  of  the 
alfalfa  vi^eevil  are  controlled  by  influences  v/hich  are  not  spasmodic 
or  accidental,  but  as  deeply  fundamental  as  the  movem.ent  of  the 
planets  themselves. 
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FIG.  1.  DEGLIKIC  OF  OVERWINTERED  ADULT  POPULATION. 

FIG.  2.  THEORETICAL  CURVE  OF  EGG  POPULATION (l930) 

FIG,  3.  THEORETICAL  CURVE  OF  EGG  POPULATION  (l93l) 

FIG.  4.  LARVAL  POPULATION 

FIG.  5,  BII.IODAL  CURVE  OF  COCOON  STaGES 

FIG.  6.   ILH-IATURE  POPULATION  IN  RELATION  TO 
TELIPERATURE 

FIG.  7.  PARASITISH  IN  RELATION  TO  AGE  OF  LARVAE 
FIG.  8.  BASE  OmYZ  OF  TELIPERATURE 
FIG.  9,  1930  EGG  POPULATION  &  TELIPERATUPJ]  CURVE 
FIG. 10.  1931  EGG  POPULATION  &  TELIPERATUIS  CURVE 
FIG. 11.  PERIODIC  TELIPERATUItE  CURVES 


c>3 

•H 

0  '-I 
>  ^ 


(^001  aj'cr.bs  jod  a-GAj-eT;  jo  j:ac[im:i  u~aan 


o 


o 

o  ft- 
a;  o 

CO  fn 

o 


•H  ft 

o 


•H 

CD 


•H 


CD 
N 
'H 
W  +3 

w  d+5 

ft  w 
o  f1 

o  o 

o  -^o 

o  tiDO 

o  .q  o 

•H  o 

i-t  -H 
<=l|  Hi 

I 


m  u 

rH  !> 

"O 

n3  W) 


o  > 

•H  O 

1^  ^ 

ca 

^4  .p 

CD 

-H 

CD  O 

ft 

'  I 

CD 

12; 


r 
I 


O 


CVl 


o 

to 

c^J 

CJ> 

• 

H 

• 

c^ 

CJ 

• 

CD 

Fh 

bO  VO  ^  CVl  O 
^  ^     ^     J-  ^ 


to 
1^ 


VX>   ^  OJ 

m 


o 


bo 

CM 


CM 


CNJ 


CV] 


o 

CVl 


bo  vx) 

rH  rH 


rH 


OJ 
rH 


O 
rH 


bO    U3     ^  CVJ 


Fig.  7.        Parasitism  In  Relation  Jo  Age  Of  Larvae  (193I). 
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Mid-points  of  Larval  Stages  Shovm  as  Percentages 
of  Development  (tirae  tasis)  1931* 


Ta"ble  1.        Percenta.ge  Parasitism  of  Weevil:-   ^ 

Larvae  -  :  Cocoons: 


!  1st  Stage     ;  gnd  Stage     ;  3rd  Stage      ;  Uth  Stage 


April 

13 

0 

0 

20 

27»00* 

5g.g0* 

100.00* 

27 

6. 67+2. 13 

31.U3+14. 60 

X 

37.50+3.95 

66. 70* 

May- 

23.  00+2.  7^4 

X 

30,00+2.1+0 

SI.  so* 

100.00* 

11 

5s. 52+2. S2 

X  77.  so+6. 60 

100.00* 

20 

16.20+1.60 

69.00+2.00 

9P.[:o+i.6o 

X  96.20+1.540 

100. 00 

25 

3O.SO+2.OO 

60. 80+2. 20 

S7. 20+1. so 

X 

X  93cS'o+2,oo 

100. 00 

June 

1 

21. 60+1. SO 

X 

59. 20+2. UO 

X 

su. 60+1. so 

X 

3K  20+1.  20 

100. 00 

g 
15 

9. cO+2. 60 

X 

C. 00+1. 60 

Ul. 00+2. SO 

X 

U5.UO+2.UO 

73. GO+2. 20 

X 

6s. 60+2. 20 

SS.  CO+1. 1;0 
X 

S3. 60-rl.  60 

9S.  06 

92.76 

*  ISFuralDer  of  larvae  too  small  for  calculation  of  PS_ 
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The  Fitting;  of  Curves,  Ralph  Bimn,  U.  S.  Bureau  of 
Entorr.ology . 

The  trend  of  a  series -'of  data  may  often  be  clearly  indicat- 
ed by  fitting  an  appropriate  curve  to  the  plotted  data.    By  the 
use  of  the  Moving  Average  the  -effect  of  passing  fluctuations 
may  be  ironed  out,  giving  a-  smooth,  even  representation  oi  the 
trend.     Its  main  advantage  is  its  flexibility,  adapting  itself 
readily  to  abrupt  changes  in  rates  of  increase  or  decrease. 
However,  for  many  types  of  data  a  mathematical  expression  ma.y  be 
found  for  the  underlying  law  governing  the  trend,,  a-nd  a  m^athe- 
m.atiCc-1  curve  fitted  to  the  series.    If  the  data  v/hen  plotted 
show  a  trend  best  represented  by  a  .straight  line,  the  line 
ffiay  be  fitted  to  the  data  by  using  the  method  of  Least  Squares, 
which  gives  the  line  from,  which  the  deviations  of  the  sepa,ra.te 
points,  when  squared  and  totaled,  are  a  miinimum.    In  m.any  cases 
where  a  straight  line  will  not  fit  the  data  a  curve  of  the 
Potential  Series  may  represent  the  trend  very  accurately;  but 
for  ordinary  purposes. it  should  not  be  carried  beyond  the  second 
or  third  power  of  x.     The  advantage  of  this  type  of  work  is  that 
vtfe  m.ay,  by  using  it,  disregard  passing  iluctuatiai  s  and  get  dovm 
to  the  underlying  principle  upon  which  our  data  are  based. 

The  Use  ol    Standard  Deviation  ejid  Probable  Error , R i c ha r d 
0.  Newton,  U.  S.  Bureau  of  Entomiology, 

When  a  miass  of  data  is  too  large  for  the  human  m.ind  to  grasp 
in  its  original  complexity,  it  is  usual  to  reduce  it  to  "its 
arithmetic  m.ean.    This  universally  used  constant,  hov/ever,  only 
indicates  the  central  tendency  and  it  gives  no  idea  of  the 
scatter  that  exists  in  the  original  data.  For  instance,  two  groups 
of  data  may  have  the  samiC  arithmietic  ne  an  and  yet  differ  narkedly 
in  their  scatter.     Obviously,  the  data  with  the  least  scatter 
are  the  more  trustv/orthy  of  the  tv/o  groups.     The  constant  indicat- 
ing the  amxount  of  scatter  is  standard  deviation,  designated  by 
the  G-reek  letter  sigma.  To  find  it,  the  deviations  from  the 
arithmetic  mean  are  squared  and  summed  and  the  square  root  of 
this  SUIT,  extracted.     It  is  im:possible  to  evaluate  the  trust- 
\7orthiness  of  any  data  unless  the  standard  deviation  as  v/ell  as 
the  arithmetic  m.ean  is  determined. 

Another  measure  of  scatter  closely  related  to  standard 
deviation  is  probable  error,  which  is  ,6745    times  sigma.  Its 
use  can  best  be  understood  by  realizing  that  the  arithn-.et ic 
mean,  although  called  a  constant,  will  probably  vary  v/ith  the 
nuirber  of  sam.ples  taken.  For  instance,   the  m.ean  number  of  insects 
from  four  sam.ples  from,  a  given  field  will  probably  differ  from  a 
m.ean  based  on  eight  sam.ples;   the  mec^n  determ.ined  from,  twelve 
sam.pl e 3  will  likewise  differ  from  the  two  preceeding  m.eans. 
Obviously,  the  larger  the  number  of  sam'.ples  taken,  the  nearer 
the  arithmietic  mean  approaches  a  fixed  constant,  the  meaii  of  all 
the  insects  in  the  field  sam.pled.    Because  of  this  variation 
in  the  trustworthiness  of  the  mean,  each  should  be  followed  by 
somxe  index  of  reliability.    Probable  error  following  the  a,rith- 


metic  ir.ean    tells  that  if  it  ^.s  added  to  or  sulDtracted  frorr.  the 
constant  to  which  it  is  appendeu,  the  tv;o  resulting  figures  are 
liir.it-G    "between  which  there  is  an  even  chance  that  the  true 
arithiuetic  mean  lies.    To  be  sij^nif icant ,  the  arithmetic  mean 
must  be  three  tines  its  probable  error.     Thus,  probable  error 
tells  whether  or  not.  enough  samples  were  taken.. .in  the  field  to 
approach  the  true  conditions o  "The  "reader,  seeing  a'-mean  without 
its  index  of  scatter,  is  unable  to  gauge  its  trustworthiness, 
while  cin  arithmetic  mean  T;ith  its  probable  error  carries  3.n  index 
of  .  re'licLbility , 

■  2 

The  Use  of  Chi  ,  L.  J Jones,  ..U.S.  Bureau  of  Entomology. 

Ghi^  is  a  statistic  used  to  determine  the  degree'  of  agree- 
ment between  two  series  of  data.    One  may  be  observed  data  and  . 
the  other,  results  calculated  from  a  hypothesis;'  or  the 'two  may 
be  .sepo.rate  series  of ,  observed  data.- on  the  .^ame  pro j  ect  and  .de3.1- 
ing  with  similar  problems-.' 

By  using. -Ohi^  aiid  other  mathematical  tools,  one  is  relieved 
af  the, hazard  of  expressing  mere  personal  opinion  upon  the  signi- 
ficance of  data,  and  m^uch  ill-a,dvised  publication  maybe  averted, 

Ghi^  is  calculated  by  the  formiila 


in  v/hich  S  indicated  sum.mation,  x  =  the  difference  between  each 
value  in  the  observed  serie"s  and  the  corresponding  one  in  the 
expected  series,   and  li  =  the  value  in  the  expected  series. 
Obviously,  the  closer  the  agreement  between  the  two  series  the  • 
smaller,  will  Ohi*^  be,  and  as  Chi^  increases  from  zero  to  infinity, 
the  probability  that  the  hypothesis  correctly  explains  the  observed 
data  approaches  zero. 

From  a  table,  calculL.ted  by  m.athemiaticians,  showing  the 
relationship  between  different  values  of  Chi^  and  the  nun:ber  of 
classes  in  the  given  series,   is  res.d  directly  the  probability 
that  the  hypothesis  soundly  explains  the  observed  data. 

Ohi'^  is  a  m.athematical  tool  used  purely  to  eliminate 
unscientific  conclusions  and  is  useful  in  biology  only  when  the 
hypothesis  to  be  tested  is  based  upon  sound  biological  principles  . 


Friday,  August  21,  1  p.m..,  C.  P., Gillette  presidirg  . 

Sugar  Beet  Leaf  Hopper  Studios  at  Salt  Lal:e  City,  S.  TV. 
Davis,  U.  S.  Bureau  of  Entomology.    I.Ir,  Davis  outlined  the  program 
of  work  against  the  beet  leaf  hopper,  especially  that  in  the 
Salt  Lake  section,    Llention  was  made  of •  the  breeding  grounds  and 
the  native  hosife^,  the  mdgrations  to  the  beet  fields,   the  breeding 
of  varieties  of  beets  resistant  to  the  leaf  curl,  and  the  syste- 
matic studies  being  m.ade  of  the  loaf  hoppers. 
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A  Note  m  Reg:.-,rd  to  the  Oollection  of  Various  Borers  from 
an  Amer iorji  Elin,  R.  L,  Parker,  Kansas  State  College.    Due  to  the 
successive  series  of  dry  suniiuers,  an  Aiaerican  elm  Yvas  killed  "by 
various  boring  insects.     In  1929,  as  well  as  1950,  the  leaves 
of  this  tree  turned  yellov>r  and  were  prematurely  dropping  the 
latter  part  of  August  or  first  of  September..  The  tree  died  during 
the  season  of  1930,    After  the  tree  was  cut,  all  but  the  main 
trunk  was  cut  for  firewood  and  stored  in  a  screened  basement. 
The  insects  bega.n  einerging  from^  this  wood  on  July  10,  1931.  Up 
to  August  1st.,  the  follov/ing  wood  borers  were  collected  from, 
the  remains  of  this  elmi  tree:  1  Ohion  cinctus (Pru. )  ,   elm.  and 
hickory  borer;  35  Neoclytus  ( erythrocephalus)   (Fab.),  red- 
headed elm  borer;   3  Sap erda  tridentata  (01iv«),   elmi  "borer;  332 
Xylotrechus  colonus  (Fab.) ,  elm.  ■ and  ash  borer;  1480  Ghrysobothris 
f  emiorata  TCa^zt . )  ,  fle.t-headed  apple  tree  borer;  55  Hym.enopterous 
parasites  (2  species);  B'  Scolydidae. 

The  latter  part  of  Auguct,  in  the  vicinity  of  this  wood 
pile  in  t  he  basemient,  many  insects  have  died  and  dropped  on  tiie 
floor.    These  have  not  as  yet  been  counted.  The  miajority  of 
these  are  Ghrysobothris  f emiorata. 

R.  L.  P. 


A  Surmuer's  Collecting  Trip,  R.  H.  Beamier,  Dr.  Beamer  told 
of  the  sujnmer's  collecting  trip  ,that  he,  his  famdly,  and  the 
Messers.  J.  0.  No t.t inghami,  H.  T,  Peters-,  L.  D.  Anderson  and  Li,  V/, 
Sanderson  were  on  for  the  University  of  Kansas,    Traveling  by 
two  autom.obiles,  one  a  light  truck  for  the  camip  equipm^ent  and 
supplies,  they  left  Lawrence,  Kansas,  just  after  the  close  of  the 
spring  term  of  the  University,  traveled  through  Colorado,  Utah, 
Idaho  and  into  Washington  and  Oregon,  stopping  v/her.ever  interest- 
ing insect  collecting  was  available.     They  were,  on  their  return 
when  they  stopped  at  the  Conference, 

A  Recent  Insect  Survey  of  Kansas  by  Questionnaire ,  Ro ge r 
C.  Smith,  Kansas  State  College,    During  the  carrying  on  of  a 
Kansas  Agricultural  Experiment  Statian  project  on  clim.ate  and 
insects,  it  has  been,  found  that  the  recorded  informiation  on 
insect  abundance  in  this  state  is  very  incomplete.     There  has  been 
no  annually  recorded  summary  of  insect  abundance, 

A  questionnaire  was  devised  and  sent  to  the  county  farm 
agents,  entomiologists  in  the  state,  including  our  own  staff,  and 
to  about  50  selected  farmers  in  various  parts  of  the  state.  This 
questionnaire  calls  for  a  report. by  an  index  nunber  on  a  large 
list  of  economdc  insects  which  vary  in  abundance  from  year  to 
year.  The  reporters  are  asked  to  write  "o"  under  the  insects  in 
the  counties  with  which  they  are  familiar  when  they  have  neither 
seen  nor  heard  anything  about  the  insect;   "1"  for  a  few  indivi- 
duals seen  or  heard  of;   "2"  for  some  but  no  perceptible  damage 
being  done;   "3"  comm.on  and  doing  a  little  local  damage;   "4"  for 
local  outbreaks  with  miore  or  less  damage,  and  "5"  for  general 
outbreaks  or  as  abundant  as  they  ever  get  in  the  comm-.unity.  The 
reporters  are  asked  to  use  the  letter  "a"  when  they  have  psrsonally 
observed  the  insect  as  reported,  and  "b"  when  reporting  on 
information  of  others;     "3a"  m.eans  the  reporter  has  observed 


personally  ■■that  a  dertairi  insect  is  plentiful  and  doing  some 
da:.ia[^-e  iii  a  ccuntrye  -  .  ■  ■         ■  .  .■ - 

This  ■  Cjuestionnaire'  gives  a  mathematical  "basis  for  the  study 
of;  the  aburidance  of  insects  from .  year"  to  year  and  for  correlation 
studies  Vvith  climate.     These  reports  were  o"btained  in  July  a/nd 
will  be  obtained-  again' in  October  for  each  for  the  four  months 
e,nding  v;ith  the  questionnaire «  The  respon'se  was  excellent  and  the 
correlation^  of '  nuinericcil  estimations  for  particular  counties  was 
higha'    It  is  believed  that  this  nd"- hod  is  fully  as  good  'as  sweeping 
surveys,  ■iinle^3s.-  -tha-.ZatteT  be  iindertaken .  on  a -very  large  scale 
which  i-s 'costly ^.and;,tAi^ie^^  The  summ.ary  of  these  reports 

will  GonstitTlte  the .  aji,nual_  summr^^^^^  abundance  in  the 

state  which  will  form  .an.  additional  ■and  somewhat  m^ore  cor.plete 
record  than  has  been  made :  thus  far,"",    ^      o  -- 

*  .  "-      B.,»  0 «  S  '• 


. Treatm.ent  of  Stored  Grain  for,  the  Control  of  Insects,  Geo,  A, 
Dean,     A  general-  account  of  the  developmient  of  miill  furf.igation 
durii]g'  the  last,  severa.1  yaar  s  was  given,  taking  up  the  use  of 
potassium,  sodium,  liquid  and'  calciuir  cyanide.,.    Hu-midity  and  temip— 
erature  are  very  imiportant  when  the  calcium,  cyanide  is  used.  The 
low,  huinidity  in  some  sections  m.akes  its  use  imipractical .  Zyclon, 
a  GeiTiian  product  consisting  of  a  calcarious  .  substance  saturated 
with  liquid  HON,  has  been  tested.     The  gas  is  given  off  very 
rapidly  and  the' conts.iners.  miay  explode  in  heat.     The  material  is 
not  on,  the  market  at  the  present,  but  a  simdlar'  product  sold  as 
Discoids'  which  consist  of  cardboard  saturated  v/ith  liquid  HON  is 
available.     The  gas  Is  here,  again  given  off  rapidly  and^m.asks 
must  „be  used.    The  liquid  HCIJ  is  probably  to  be  p-ref  erred  with  the 
Discoids  next,'     The  pot  m.et'hod  is  still  valuable  and  is  r'ecommiend- 
ed  for  m.any  m/ills.    The  steamiships  are  using  the  Discoids  gener- 
ally.    The  heat  miethod  is  still  probably  the  best  m.ethod  where 
it  can  be  used.      Heat  and  HON  combined  are  very  effective. 
Fumigation  is  not.  recomm-.ended  for  insects  in  flour  as  miost  of  the 
gases  are  absorbed  to  an  injurious  extent.     Carbon  bisulphide, 
one  pound  to  25  bushels  of  grain  and  one  pound  to  each  200  cubic 
feet  of  space  above  the  grain  is  recommiended,  for  farm  graneries, 

Friday  evening,  August  21. 

Talk  on  Haiti,  Roger  C.  Smith. The  talk  on  Haiti  centered 
abD  ut  four  reels  of  mo-tion  pictures  and  a  fev/  slides  ,    The  m.otion 
pictures  T/ere  liiade  by  Captain  Piatt  of  the  United  States  Llarine 
Corps  during  1928  and  early  1929,  They  are  the  best  pictures 
available  on  Haiti.     The  character  of  the  country,  the  people, 
their  mianner  of  living,  places  of  historical  interest,  the  staff 
of  the  Am.erican  occupation,  the  governm^ental  divisions,  and  som.e 
of  the  activities  of  each  of  these  services  were  shown  'xyj  these 
pictures.     The  entom:ological  and  industrial  educational  progrcun 
has  been  u-nder  the  direction  of  the  Service  TechJiiquo,  the  service 
with  which  the  speaker  was  connected  from  July,  1928  to  April, 
1930,    iuiologically,  Haiti  is  the  most  interesting  country  of  the 
West  Indies,    The  country  is  yet  in  serious  need  of  an  im.proved 
agriculture,  education  and  a  stable  government, 

P.  •  0  •  S . 


A  business  session  was  held  JJriday  afternoon  just  before 
the  progran-.     It  was  decided  to  hold  the  1932  meeting  at  the  same 
place,  the  exact  time  to  "be  d:etermined  by  the  availability  of 
the  Lodge.    However,  it  was  thought  the  same  week  in  Augu.st  quite 
desirable.  .,  ,  . 

The  following  report  of  resolutions  committee  was  approved: 

Resolved  that:  1,  The  Eighth  Annual  Rocky  Mountain  Confer- 
ence of  Entomologists  express  its  appreciation  of  the  hospitality 
of  the  Oolorado  Agricultural  College  and  the  Department  of 
Forestry  for  the  use'  of  the  building  and  grounds  at  Pingree  Park, 
which  are  so  suitable  for  our  purposes. 

2.  We  express  our  thanks  to  the  miembers  of  the  Entomology 
Depc-rtment  of  tlie  Oolorado  Agricultural  College,  and  in  particular 
to  Director ' Gillette, .Dr.  List  and  Dr.  Jones,  for  arranging  for. 
the  Conference  and  in  m.aking  this  meeting  a  very  successful  and\ 
pleasant  one. 

3.  We  note  with  deep  regretthe  death  of  Mr.  E.  A.  Pearson 
who  attended  the  first  Conference  and  added  rcAxch  to  the  '  success 
of  that  miceting  by  his  ready  wit  and  jovial  mianner. 

Geo.  I.  Reeves 

F.  E . 'Whitehead 

Roger  C.  Smiith,  Chairme.n 

The  officers  elected  for  1932' were:  G.  P.  Gillette, 
Chairm.an;  Paul  B.  Lawson,Vice  Gha.irman;   Geo.  M.  List,  Secrete.ry; 
C.R.  Jones,  Treasurer. 

George  M.  List,  Secretary 


From  the  Collecting  ITet , 

•^Itho  high  temperatures  were  reported  fromi  aiany  sections 
frost  was  seen  on  the  tops  -of  the autouiobiles  in  cam.p  tv/o 
m.orn:_ngs  -  that  is,  by  those  that  were  up  before  the  sun. 

Prof.  Geo.  A.  Dean  and  famdly  spent  the  week  before  the 
OonferOxice  in  the  m.ountains  at  Green  Mountain  Fcdls,   Colorado - 

Prof.  F.  B,  Paddock  and  family  of  Am-cs,  Iowa,  were  in  Fort 
Collins  for  several  days  a  short  time  before  the  Conference  bit 
his  recent  appointrnxcnt-  to  the  position  of  exterxsion  entomologist 
at  Iowa  State  College  made  it  impossible  for  themi  to  r  em.ain  for 
the  uiee tings  • 

K,  D.  Arbethnot  and  faiiiily  fromi  Monroe,  Michigan,  visited 
Mr.  Arbethnot '  s  pa.rents  at    HiVifot,  Colorado,  before  the  meetings. 

■  Dr.  W.  K.  Larrimer,  ViTashington,  D,  C.,  pl^mned  to  be  at 
the  Conference  and  to  go  to  Salt  LcJie  City  with  Geo.  I.  Reeves 
and  visit  the  Alfalfa  Weevil  Station  but  the  serious  grasshopper 
situations  in  several  states  m.ad.e  a  change  of  plans  necessary. 
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The  grasshopper  .interfered  v/ith  the  vacation  plans  oi 
several,  entoMiologists,  and  their  fa..:iliesj  that  had  planned  on, 
coining  to  Oolorado. 

F«  E.  Whitehead   and  family  drove  thru  from  Olclahoraa,  Mrs. 

Whitehead  and  children  , going  on  to  Idaho,  by  train  to, visit  at 

her  old  hoii.e.  This  gave  Whitehead  one  week  following  the  Confer- 
ence for  several  fishing,  trips » 

■  There  were  not'  as  many  enthusiastic  fishermen  in.  the  crowd 
this  yea.r  as  usual,  "but  ev^n  at  that  two  meals  of  trout  were 
served. 

We  hope  Fred  Butcher  from^  Washington,  D.  C,  does  not 
miscsolculate  on  his  extension  schedule  next  year.     He  was  in 
Colorado  this  year  just  one  week  before  the  meetings,  but  then 
it  was  probably  our'  fault  "in  that  we  di'd  not  get  the  dates  to 
himi  early  enough.   (The  1932  m.eeting  will  be  during  the  same  week 
in  August,  Fred.) 

Dr.  E\  Cx\  Kelley  and  family  arrived  in  Fort  Collins  on 
Thursday  before  the  Conference,  to  visit  Dr.  Jones  and  fam.ily. 
They  were  takt3n  to  the  Park  the  next  day.     It  locked  like  Jones 
kneviT  they  would  be  good  help  in  getting  the  m.any  preliminary 
things  done  a^t  the  Lodge.  ' 

I  don't  see  how  some  entom.ologists  find  so  m.uch  time  to 
perfect  their  horseshoe,  gam.e  .  . 

Dr.  Paul  B.  Lawson,  daughter  Lois  and  niece  Hiss  Dorothy 
Osborn,  drove  through  by  auto  from:  Lav/rence,  Kansas. 

Ceo.  I.  Keeves  was  lam.enting  the    fact  that  he  could  not 
make  the  trip  by  v/ay  of  his  airplane o    We  understand  that  he 
has  since  then  received  his  pilot's  license  so  next  year  we  will 
be  watching  in  the  sky  for  his  arrival.    We  sav;  him.  going  over 
the  prospective  landing  places. 

The  official  score  in  the  hands  of  the  Secretary  for  the 
Kansas-Colorado  baseball  game  Y/as  Kansas  18,  Colorado. 22.  Dr. 
P.  B.  Lav/son  vjas  um.pire, 

E,  W,  Davis  of  Sugar  Beet  leaf  hopper  fsune,  won  the  horse- 
shoe contest. 

Ceo.  M.  List,  Secretary 
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